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FOREWORD 


n^is  report  is  an  assessment  of  Air  Force  avionics  maintenance 
as  presently  implemented  and  as  it  mii;ht  be  affected  by  changes  in 
jiolicy  and  procedures  and  by  technology  development.  The  intent 
of  the  report  is  to  inform  Al-  Avionics  Laboratory  management  on 
current  practices  and  identify  actions  the  Laboratory  might  take  to 
solve  some  of  the  known  avionics  maintenance  problems. 

The  reader  should  bear  in  mind  that  the  authors  are  not  all- 
knowing. IVliilc  each  of  us  has  been  involved  to  some  extent  in 
electronics  maintenance,  most  of  the  information  contained  herein 
has  been  gathered  from  others  by  interviews,  iliis  introduces 
several  problems  which  are  as  follows: 

First,  is  the  problem  of  time.  To  gather  perfect  data  would 
require  forever  since  changes  in  the  system  occur  continually,  e.g., 
new  systems  entering  the  inventory.  To  be  useful,  a report  must  be 
written  even  if  the  data  set  is  incomplete. 

Second,  imperfections  are  introduced  into  the  data  through  all 
the  ways  humans  have  of  coloring  data.  Most  of  this  coloring  is 
unconscious;  some  of  it  is  not.  Since  the  interview  technique  was 
the  mainsourceof  information,  we  are  passing  on  to  the  reader 
impressions  we  have  of  what  many  others  have  said. 

Third,  not  all  the  data  one  might  desire  on  the  subject  is 
presented.  In  some  cases,  the  authors  may  not  have  asked  the 
appropriate  questions,  while  in  others,  ihe  desired  data  was  simjily 
not  available.  Errors  may  also  have  been  introduced  into  the  data 
due  to  reliance  on  memory  to  avoid  the  inhibitory  effect  of  note 
taking  or  tape  recording  in  the  presence  of  the  maintenance  persotmel 
being  interviewed.  Very  little  statistical  data  arc  presented. 
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With  all  its  i mpcrfoct i otts , the  authors  believe  the  study  presents 
an  accurate  and  useful  picture  of  the  avionics  maintenance  process 
and  the  problems  assoc i ated > i th  it. 

The  authors  thank  all  the  jjeople  who  provided  the  information 
contained  herein.  Without  the  facts  and  opinions  they  so  frankly 
provided,  this  study  could  not  have  been  completed.  The  authors 
take  full  responsibility  for  any  errors  which  may  have  slipped 
into  the  report,  and  for  the  conclusions  and  recommendations 
presented . 
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I.  INTRODUCTION 

A.  Miy  the  Stiiely  Was  (Tindiictcd 

In  the  last  Tew  years,  avionics  costs  have  received  increasinjj 
hijth-level  attention.  The  reason  for  this  attention  is  that 
avionics  costs  arc  large  and  have  been  rising  faster  than  aircraft 
costs  in  general.  Aircraft  being  acquired  today  Itave  approximately 
half  their  total  value  tied  u[i  in  avionics. 

It  is  not  surprising  that  avionics  maintenance  costs  have  also 
been  rising  with  respect  to  other  aircraft  maintenance  costs.  It 
was  conservatively  estimated  that  in  fiscal  1974  the  Air  force  sjient 
$1..S  billion  for  avionics  maintenance  alone*.  Idte  reasons  for  the 
rapid  rise  of  avionics  maintenance  costs  are:  (1)  an  exponential 

increase  in  avionics  complexity  with  respect  to  time  and  (2)  the 
inflation  of  people  costs  in  this  labor  intensive  field. 

The  high-level  attention  given  to  reducing  avionics  costs 
prompted  contractors  and  government  employees  alike  to  devise  and 
jiroposc  for  funding  many  ideas  which  were  alleged  to  reduce  avionics 
life-cycle  costs.  Many  of  these  jiroposals  were  dependent  on  reducing 
avionics  ma i nten ance  costs  as  the  major  part  of  the  savings  generated. 

The  Director,  lilectronic  Technology  Division,  reiiuested  this 
study  to  bo  conducted  so  that  he,  other  baboratory  managers,  and 
Laboratory  engineers  could  make  more  informed  decisions  on  jiroposals 
whose  I xpressed  aim  was  avionics  maintenance  cost  reduction. 


* Nelson,  (lary  R.,  Robert  M.  (lay,  and  Charles  Robert  Roll,  .)r., 
Man])ower  Cost  Reduction  in  Llectronics  Maintenance : 
Framework  and  Recommendations.  Rand  Report  R- 1 48.'^- ARPA , 
RandCorp.,  .Santa  Monica,  California,  .July  1974. 
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B . S t u d >•  01 ) i o VOS 

1.  To  I iiui  Out  lloiv  Avionics  Maintenance  Is  Acconip  1 i shed_I  n 
lodaj^' s Air  l-orco.  I'h  i s ol)iectivc  was  primary.  The  study  will 
have  been  worthwhile  if  Tahoratory  ]iersonnel  better  understand  the 

Air  lorce  avionics  maintenance  process  with  its  problems  and  strengths. 
Included  in  this  objective  were: 

a.  An  understanding  of  the  fault  detection  process.  Who 
detects  .avionics  malfunctions?  How  arc  the  malfunctions  detected? 

When  .are  they  detected?  What  jiroblems  are  .associated  with  the 
[irocess? 

b.  An  underst.ind i ng  iif  the  fault  isolation  process.  Who  per- 
6'nas  the  fault  isolation?  Where  is  it  accomi)!  ished?  What  data  is 
•available  to  assist  the  process?  Wiuit  sorts  of  ecpiipment  assist  in 
fault  isolation?  How  effective  is  this  equipment?  Wh.at  changes  are 
occurring  and  anticipated  in  the  f.ault  isolation  process? 

c.  An  understanding  of  work  .and  documentation  flows  within 
the  avionics  ma  i nt  cn.an^e  system.  Wlio  accomplished  what  tasks?  When 
does  a piece  of  avionics  get  handed  off  to  another  level  of  mainten- 
ance? Wliat  d.ata  is  tr.ansferred  at  the  various  handoff  points? 

How  is  the  data  transfer  accomplished?  How  effective  is  the  dat.a 
transfer?  Wh.at  .are  the  problems  with  work  and  documentation  flows? 

What  changes  are  occurring  and  anticipated? 

2.  To  Analyze  the  Data  Collected.  Included  in  this  objective 

were : 

a.  Assessment  of  built-in  test  equipment  (lUTh)  and  automatic 
test  e(|uipment  (ATIl)  with  resjicct  to  the  c<)uipment  in  the  inventory 
and  the  jieople  using  it. 

h.  Assessment  of  the  various  logistics  support  concepts  in  use 
and  proposed  to  determine  the  problems  and  jiotentials  of  each. 

c.  Determination  of  |)roblem  areas  amen.able  to  technological 
solution  by  the  I,<ihoratory  or  the  f.lectronic  T'eclinology  Division. 
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To  Royommcnd  I’rourains  aiKl/or  Cliangos  to  liccrcasc  t lu'  Costs 
and  Imjirovo  tlio  l.lToct  i vencss  oi^  Avionics  M;i  i nt  cnancc  . Included  in 
this  objective  were  recommendations  Tor: 

a.  Both  lonjt  and  short  term  programs  and  tlieir  associated 
jiayoffs  by  which  the  baboratory  could  ease  maintenance  problems 
througb  technolog)’  or  cc|ui]iment  dcvelo])mcnts . 

b.  Strategies  Tor  optimizing  mean  time  between  failure  and 
mean  time  to  repair  while  minimizing  life-cycle  costs  and  maximizing 
cqui  [linen t ava  i lab  i 1 i ty  . 

Ci.  bjqni  tat  ioji£ 

Two  of  the  factors  which  constrained  the  study  and  determined 
its  character  bear  mentioning. 

1.  First,  the  study  team  members  were  not  ex|>crts  in  the  main- 
tenance field,  liach  had  limited  ex[ieriencc  with  bOl)  maintenance. 

None  of  the  team  members,  however,  had  worked  as  a technician  or  a 
supervisor  in  Air  I'orce  avionics  maintenance.  While  this  was  indeed 
a limitation  (since  it  required  a familiarization  [jcriodl,  it  had  its 
advantage.  The  authors  ho[)c  the  pi'esent at  i on  of  the  process  will  be 
more  understandable  to  those  outside  the  maintenance  field  because 

we  tried  to  take  nothing  for  granted  in  finding  out  how  the  maintenance 
system  works. 

2.  .Second,  compiling  and  reducing  statistical  data  was  not  one 
of  the  object^ives  of  the  study.  It  became  ajqiarent  that  much  of  the 
data  which  would  be  useful  (many  of  the  costs,  workhours,  failure 
rates,  mean  time  between  failure  and  mean  time  to  rejKiir)  were  either 
inaccessible,  widely  scattered,  or  biased  by  the  management  and 
ro|)orting  system.  The  authors  had  little  or  no  experience  in 
estimating  such  data  from  available  data.  Many  of  the  statistical 
aspects  of  avionics  maintenance  have  been  covereil  piecemeal  in  other 
studies.  An  integrated  statistical  [Picture  might  be  an  ajipropriate 
subject  for  a follow-on  effort. 
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II.  lioiv  Tin;  .STUDY  WAS  co.nihk:ti;i) 


•\.  Backgroiiiul 

At  the  outset  of  this  program  it  was  realized  that  ;i  hack- 
ground  phase  would  be  required  for  the  Avionics  Maintenance  Team 
to  survey  the  available  literature  and  become  familiar  with  avionics 
maintenance  procedures  and  terminology.  A search  of  the  Defense 
Documentation  Center  and  the  Defense  Logistics  Studies  Information 
i;.>;change  revealed  a large  amount  of  inform.ation  related  to  maintain- 
ability, reliability,  and  life  cycle  cost  model s/tcehn iques . This 
data  was  obtained  and  to  the  ma.ximum  e.xtcnt  |)ossiblc  studied  by  the 
team  members  prior  to  visits  to  operational  comm.inds . During  this 
phase  the  team  members  also  familiarized  themselves  with  the  Air  Force 
maintenance  management  philosophy  as  contained  in  AFM  b()-l.  Finally, 
meetings  were  held  with  local  personnel  f'amiliar  with  the  Air  Force 
maintenance  system  and  familiar  with  problems  being  encountered  in 
the  field.  Ttic  objectives  of  these  meetings  were  not  only  to 
gather  background  material  on  avionics  maintenance,  but  also  to 
obtain  critical  reviews  of  the  study  program  plan,  establish  priorit>- 
areas  to  investigate,  and  to  obtain  ojiinions/suggest ions  for  methods 
to  improve  the  maintenance  system.  Meetings  were  F.cld  with  personnel 
from  the  A1  ri'  Defense  .Systems  and  Logistics  School  and  a representa- 
tive (Cajn  Fhomas  Davis)  from  the  F-15  SI’O.  An  AFLC  workshoji  concerning 
changes  in  parts  stocking  policies  was  attended.  These  meetings 
provided  invalualdc  data  especially  on  new  trends  in  avionics  main- 
tenance using  automatic  test  equipment  and  the  problems  associated 
with  this  concept. 

In  summary,  this  background  development  i)hase  determined  that  no 
ecpii valent  effort  existed  within  the  Air  Force,  established  that  the 
firogram  could  provide  worthwhile  ininits  to  the  Avionics  Laboratory  for 
impacting  avionics  maintenance  problems,  and  provided  the  study  team 
with  the  necessary  background  to  effectively  conduct  the  jirogram. 
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B.  Organizations  \'isitcd 

lo  ohtain  an  ovorall  view  of  avionics  maintenance  procedures 
and  problems  it  was  decided  to  visit  Avionics  Maintenance  Scpiadrons 
(AMS)  associated  with  all  the  Air  l-orce's  CONUS  flying  Commands. 
I'urtliermore , it  was  necessary  to  select  base,,  so  that  data  could  be 
obtained  on  the  major  weapon  systems  in  the  Air  force  inventory, 
lo  complete  the  avionics  maintenance  picture,  trips  were  scheduled 
to  various  depots  responsible  for  providing  avionics  maintenance 
sup])ort  to  the  operational  units.  It  was  also  decided  that  it 
would  be  beneficial  to  obtain  information  from  a Navy  Avionics 
M.iintenance  facility  with  the  objective  lieing  to  gather  comparable 
data  on  maintenance  procedures  employed  and  problems  encountered, 
fable  111  lists  the  operational  bases  visited,  responsible  commands, 
and  weapon  systems  supported  by  tlie  AM.S. 

C.  Interview  rechnicpies 

One  of  the  primary  data  gathering  methods  of  this  study  was  to 
get  firsthand  knowledge  of  avionics  maintenance  problems  by  inter- 
viewing shop  chiefs  and  technicians  within  the  various  .AM.S.  However, 
the  disadvantage  of  interviewing  personnel  within  the  military  environ- 
ment, at  any  level,  is  to  get  them  to  "open  up"  and  express  their 
opinions  without  fear  of  reprisal.  In  an  attempt  to  eliminate  this 
problem  it  was  necessary  to  aviod  the  appearance  of  being  insjiectors. 

Til  i s was  accomplished  by  informing  e;ich  person  interviewed  of  the 
objectives  of  the  study  and  our  function  within  the  Air  Force  prior 
to  asking  detailed  cpiestions.  To  further  encourage  the  personnel  to 
express  their  feelings  candidly,  it  was  decided  to  eliminate  the  use 
of  tape  recorders  and  limit  note  taking  during  the  interviews.  lliis 
rec|uired  the  Avionics  Maintenance  Team  to  recall  the  information 
obtained  at  a later  time  and  introduced  one  source  of  error  to  the 
study . 

l)»ic  to  the  limited  time  frame/budget  assigned  to  the  study,  it 
was  necessary  to  limit  the  time  spent  in  each  area  where  information 
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was  Jcsirod.  However,  at  several  of  tite  VMSs  t lu-  team  members 
interviewed  both  first  and  second  shift  ['ersnaael  in  an  attempt 
to  maximize  the  information  obtained. 

Mcetinjjs  were  held  by  the  Avionics  Ma  i n ten.ince  learn  [irior  to 
making;  the  first  scheduled  trip  to  determine  catej>ories  in  which 
S|iccific  cpicstions  could  be  asked.  fhe  first  two  trijis  were  used 
not  only  to  obtain  information  for  the  study,  but  .also  to  ujidate 
the  areas  to  be  explored.  Specific  ipiestions  asked  during  the 
interviews  varied  and  depended  upon  many  factors  such  as  the  weapon 
system  supjiorted,  informality  of  the  interview  conditions,  the 
need  to  explore  a certain  area  further,  and  tlie  temperament  of  the 
person  being  interviewed.  The  following  list  contains  the  general 
categories  in  which  information  was  obtained; 

(1)  Age  of  the  system 

(2)  Parts  availability 

(.A)  Maintenance  structure 

a.  Workflow 

b.  nocumen*^,at  ion 

c.  Time  fi  cost  accounting 

(4)  Aircraft  scheduling 

(5)  Level  of  on-base  repair 

f6)  Manning 

(7)  Training  and  personnel  quality 

(8)  Troubleshooting  procedures 

a.  Hot  Mockups 

b.  Automatic  test  equipment 

c.  Manual  test  stations 

d.  Bui It-in-tcst 

(S))  I- light  line  AC.b. 

(10)  Depot  support 

(11)  Inspections 

(12)  Preflight  procedures 

(1.^)  Preventive  maintenance 
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(11)  l.t'vol  of  spec  i .1 1 i z.it  ion 

(IS)  I'nv  i ronmont  a 1 effects 

(l(i)  lechnical  orders 

(17)  Avionics  access i h i 1 i ty 

(18)  Debriefing  procedures 

(ID)  Maintenance  data  forins  f,  feedback 

(20)  Problem  systems 

(21)  Iqiiipment  design  problems 

(22)  Automatic  test  ecpiipmcnt  performance 

a.  Software 

b.  Hardware 

D.  Trip  Reports. 

After  the  completion  of  each  tri|),  detailed  trip  re])orts  were 
written  and  submitted  to  the  Avionics  Maintenance  Team  management 
for  tlieir  review.  These  trip  reports  represent  the  foundation  on 
which  this  technical  report  is  written.  The  trip  reports  have  been 
appended  in  "sanitized  version"  so  the  reader  can  obtain  a better 
feel  for  the  maintenance  environment . We  have  endeavored  to  remove 
data  which  might  be  considered  derogatory.  Personnel  were  assured 
that  our  visits  were  for  information  gathering  only  and  were  not  to 
be  considered  inspections.  U would  be  a violation  of  their  trust 
and  openness  to  attempt  to  use  these  reports  as  a basis  for  punitive 
action.  This  is  especially  true  since  the  authors  are  not  ijualified 
as  inspectors. 
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III.  MAINTHNANCI-:  OIUIAN  I ZATIONAI.  STKIICTIIKIiS 


At  thi.s  ]ioint,  it  is  ;ippropr  i ;ito  to  hricfly  discuss  organ- 
i:;ational  structures  and  the  various  ways  in  which  these  structures 
are  implemented. 

A.  Base  Level  Maintenance 

I'igure  1 shows  the  functional  organization  under  the  Deputy 
(iommander  for  Maintenance  (DCM) . The  DCM  reports  to  the  Wing 
tiommander . 

figure  2 illustrates  the  avionics  maintenance  scpiadron  organ- 
ization used  when  the  weapon  system  does  not  use  automatic  test 
equipment  in  the  sho]).  In  this  kind  of  squadron  there  are  two 
possibilities  for  organizing  such  functional  areas  as  mission  systems 
or  commun i ca t i ons- nav i gat i on . hither  the  technicians  in  these  areas 
will  work  both  on  the  flightline  and  in  the  shop  or  the  yieople  will 
be  split  into  two  groufis  - those  working  at  the  flightline  and  those 
working  in  the  shop.  niei'e  exist  scpiadrons  organized  both  ways,  and 
there  are  stpiadrons  which  arc  organized  in  a mixture  of  the  two  ways. 
In  several  cases,  the  decision  of  whether  or  not  to  split  the 
technicians  was  apparently  left  to  the  shop  chiefs.  In  the  above 
cases,  there  was  mobility  between  those  who  worked  on  flightlinc  and 
those  who  worked  on  the  bench.  The  people  working  the  flightlinc 
tended  to  be  the  less  experienced  technicians.  Air  force  specialty 
codes  fAfSCs)  were  the  same  within  a given  functional  area.  We 
refer  to  thi.s  organizational  structure  as  a two  tier  structure  (base 
and  depot  comprise  the  two  tiers). 

figure  7i  illustrates  the  avionics  maintenance  organization 
used  with  the  f-111,  lB-111,  and  f-l.'i  aircraft.  In  these  squadrons 
there  was  rigid  partitioning  of  technici.ins  into  flightlinc  work  or 
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HVlGHiCS  M.VNUN 


(1)  Mobility  authorized  only  for  units  having  a mobility  requirement. 

(i)  Avionics  fiightiire  maintenance  branch  responsible  for  on  equipment  maintenanca. 

(3;  Avionics  shop  maintenanco  br.inch  responsible  for  off-equipment  rr.aintonance. 

(■'.)  When  autf  orired  for  units  supporting  other  type  aircraft  such  as  KC-135.  These  functions  may  be  cofnblned  depending  upon  the  site  of  the  cctivlty, 
(5)  V.'r.en  Cuthorlied. 


shop  work.  Th.  AISlls  woro  d i ffo  rent  .iiul  tlie  soporv  i '^or-.  wore-  :i  1 so 
ilift'ororU.  Fhi-  t'l  i .tjht  1 i no  poopio  wori-  systom  oru-ntod.  Ihot  is, 

they  wore  iotu<'rnoii  with  sigiuil  flows  lutwocn  l.l-ills  insof.ir  as  such 
system  information  eoiikl  hel[i  them  deeide  which  I.UII  to  remove  and 
take  hack  to  the  shop  for  checkout  and  repair.  The  shop  people 
were  I.RII  oriented.  I'h.at  is,  they  considereil  the  I.KP  a separate  entity 
and  looked  only  for  faults  within  the  I.KII.  These  weapon  systems 
used  no  hot  mockups  and  had  extensive  automatic  and  manual  test 
stations.  IVe  refer  to  this  structure  as  a three  tier  structure 
f f 1 i ght 1 i ne , shop,  and  depot  form  the  three  tiers). 

The  'MSs  visited  had  a similar  structure,  except  there 

was  no  division  between  flightline  and  shop  people.  The  C-5A 
also  used  automatic  and  manual  test  stations  extensively  but  there 
Seemed  to  be  no  problems  in  using  the  same  technicians  for  both 
flight  line  and  shoji  work. 

The  military-civilian  technician  mixture  varied  from  base  to 
ba-ie.  Ihe  aiitliors  conclude  that  SA(i  uses  almost  no  civilian  techni- 
ci.ans,  IA(!  uses  a s[)rinkling  of  civilians,  and  MAC  and  ATC  use  on 
the  order  of  lO’i.  civilian  technicians.  ITic  civilians  lend  stability 
and  expertise  to  the  A.MS  organizations  which  is  important  for  comiilex 
troubleshooting  tasks  and  training  newcomers.  fhe  disadvantage  of 
civilians  in  the  base  organizations  are; 

a.  Their  salaries  are  highly  visible  contrasted  to  their 
m I 1 i t a ry  count  erp.i  rt  s . 

b.  They  must  be  [laid  extra  for  overtime  work. 

c.  They  are  not  subject  to  the  Uniform  Cotie  of  Military  .lust  ice 
but  to  the  Civil  .Service  regulations. 

d.  They  cannot  be  moved  to  where  they  are  needed  most  as  easily 
as  military  members  can.  These  disadvantages  are  more  theoretical 
than  real,  however,  for  we  found  that  supervisors  were  almost  un.ini- 
mously  [ileased  with  the  technical  skill  aiul  knowledge  the  civilian 
technicians  h.ave. 
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(h’u-'iii  i ;at  i on  Size's.  AMSs  usu.’illy  h.ivo  .-iboiit  JOd  S(l()  [u'oplc, 
although  ;i  S(iii;ulron  as  large  as  (iKO  people  wa-i  encountered.  A 
few  org.'in  i z.at  i ons  were  encountereel  wliere  avionics  nia  i ritenance  w.is 
a hr.incli  aiul  was  m.innctl  ,it  under  100  pc-ople. 

15.  Oepot  Level  .M.a  i ntenance 

I iguie  I shows  the  organization  of  the  Airhornc  1 leitronics 
division  of  the  W.i rncr- Rohh i ns  Air  Logistics  Center.  Ihe  Division 
IS  the  Technology  Kepa  i r Center  for  Air  lorce  .-ivionics,  i.e.,  the 
avionics  de|wt  . Mi  i 1 e not  all  avionics  depot  work  is  .accomplished 
here,  a major  portion  of  the  organic  ( non-cont r.ic t ed j work  coities 
to  l\;i rner-Uoh  i ns  ALC. 

The  I'roeiuct  i on  Branch  performs  the  depot  maintenance  on  the 
avionics  cciuipment  sent  in  hy  the  hasc  level  organ  i z.at  ions . The 
vast  majority  of  the  division's  jieo|ile  are  .assigned  to  this  hranch 
since  it  docs  the  work  for  which  the  division  exists.  The  other 
hranches  [irovide  support. 

The  Qu.ality  Branch  is  the  organization  of  insjiectors  which 
checks  the  work  of  the  technicians. 

The  L.ng  i neer/P  l.ann  i ng  Branch  .accomplishes  the  planning  for 
depot  supjiort  of  new  avionics  with  res[icct  to  manning,  test  equip- 
ment, floorspacc,  and  utilities.  This  hranch  also  conducts  the 
work  measurement  surveys  upon  which  the  labor  rates  are  calculated 
(the  r.atcs  paid  hy  the  Item  Managers  for  depot  work  on  their  items). 

The  .Schedul  i ng/ I nventory  Control  Branch  schciliiles  the  avionics 
through  the  repair  facilities  from  beginning  to  end.  This  hranch 
also  unpacks,  bins,  moves,  repacks  and  shijis  the  avionics  eiiuipment 
items. 

The  Automated  Lquipment  Lngineering  Branch  works  on  software 
for  the  dc])ot  autom.it  ic  testers,  both  the  "universal"  testers  and 
the  system  specific  automated  testers. 
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l \ . OVl.kVIlW  Ok  Al  AVIONICS  MA  I N ri;NANCIi  I’UOCl.SS 


rtu'  .ivionics  m.i  i nt  cn.-mcc  process  consists  of  detection,  f.’uilt 
isol.'ition,  ;uul  correction  of  malfunctions  which  occur  in  avionics 
s\-stems.  To  accom]ilish  this,  thousands  of  personneO  are  assigned 
to  avionics  maintenance  sc|uadrons  (AMS)  all  over  the  woi'ld  and 
to  technical  repair  centers  (TRCl  located  at  several  Air  Logistic 
Centers  (AI.C).  The  manner  in  which  the  maintenance  j)rocess  is  to 
be  managed  is  established  in  AL  Manual  6()-l.  Although  the  entire 
Air  force  manages  avionics  maintenance  in  general  accordance  with 
ALM  ()6-l,  variations  in  maintenance  procedures  were  noted  among  thi.' 
several  organizations  which  were  visited.  These  variations  are 
primarily  in  the  manner  i!i  which  the  work  is  distributed  within  the 
avionics  maintenance  sejuadrons  and  in  the  technicpies  used  to 
identify  and  isolate  faults  in  the  equi]')ment.  The  avionics  maiti- 
tenance  process  is  a sccpiential  process  in  which  a malfunction  is 
detected,  reiiorted,  isolated,  and  corrected  in  a two  or  three  tier 
organ i za t i ona 1 st  rue t ure . 

A.  ivot'k  flow  in  the  Avionics  Maintenance  Process 

The  work  flow  in  the  avionics  maintenance  process  ])rogresses 
from  detection  of  a malfunction  of  the  aircraft  avionics  through 
isolation  of  the  fault  causing  the  malfunction  to  re[' 1 acement  or 
re|iair  of  defective  comjionents.  fault  isolation  is  generally 
accomplished  in  a progressive  manner  starting  at  the  system  level 
and  jtrogressing  through  the  line  replaceable  unit  (I.KII)  level,  the 
shop  replaceable  unit  (Skill  level,  and  ultimately  to  the  bit  and 
piece  level.  Because  of  aircraft  turnaround  time  constraints  and 
limits  on  the  levels  of  maintenance  which  can  be  accomplished  within 
an  organizational  unit,  avionics  etpiipment  is  restored  to  o[)eration 
through  replacement  of  defective  units  rather  than  by  t roub 1 eslioot i ng 
a malfunction  to  the  piece  level  aiul  returning  the  same  complement 
of  uri'’'s  to  the  aircraft.  Line  replaceable  units  are  high  cost  items 


i>  I t h very  limitod  iiumhri'.s  of  s|i;iros.  Rocauso  of  this,  I.HIIs  must 
Ih'  T'l's  t orotl  to  oporatinjt  condition  throujth  replacement  of  shop 
replaceahle  units  at  base  level  rather  than  have  a tiumber  of 
spares  tied  u|)  in  a time  consuminjt  dejiot  repair  cycle.  If  a j^ood 
su]'ply  of  SRDs  is  maintained  at  base  level,  there  is  a h i j;h  pro- 
bability that  most  I.RII  faults  can  be  corrected  at  base  level  through 
I'cplacement  i)f  SRlJs.  fhe  defective  SRIIs  removed  from  IdUls  may  be 
rei’a  1 red  at  base  level,  returned  to  a dejiot  for  repair,  or  discarded 
(in  cases  where  the  .SRll  is  an  expendable  item).  In  this  rc|iair  by 
projtress i VC  isolation  to  smaller  units  and  replacement  at  the  unit 
level,  no  attem|it  is  matle  to  preserve  the  integrity  of  the  composi- 
tion of  the  avionics  system.  That  is,  serial  number  records  arc 
general  !>■  maintained  of  the  composition  of  a system  at  the  l.Rl)  level 
but  seldom  kept  at  the  SRll  level. 

figures  5,  6,  and  7 show  the  work  flow  for  avionics  maintenance 
.at  the  flight  line,  i n t ermed  i .a  t e shop,  and  dej)ot  levels  rcs])cct  i vc  1 y . 

1.  Malfunction  Detection  on  Aircraft 

In  older  .aircraft,  malfunctions  of  avionics  equipment  .arc 
detected  through  observations  of  .abnorm.al  indications  by  the  pilot 
or  crew  member.  Newer  aircraft  such  .as  the  (i-.SA,  I'-lll,  and  1 - 1 .S 
have  built-in  test  (lUT)  cqui[iment  which  jirovide  indications  of 
malfunctions  to  su[iplement  these  injnits.  The  Malfunction  Analysis, 
Detection,  and  Reiiorting  (MADAR)  system  in  the  C-5A  .aircraft  is  a 
multi[)lcxcd  recording  system  which  monitors  approx  i m.ate  1 y .SDO 
st.ations  throughout  the  .aircraft.  M\DAR  monitors  not  only  the 
operation  of  .avionics  systems  but  also  other  aircr.aft  functions  as 
well  .and  [irovides  .a  magnetic  tape  recording  of  systi'ms  performance 
during  the  entire  sortie.  We  understand  the  B-1  (ientr.il  Integr.ated 
Test  System  is  similar  in  concept.  Ihc  I IS  aircraft  ha-,  a status 
panel  which  jirovides  the  pilot  and  groundcrew  with  i nd  i ..it  ions  of 
avionics  systems  malfunctions.  fhe  f-111  .aircraft  also  h.is  Rif 
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i lul  UMtofs  i'll-  1 lul  UM  t i oti  of  tlic  status  of  tiu'  aviotiics  systems. 

('t'lVs  ohserveii  ma  1 f mu  t i ons  of  "squawks"  are  jtenerally  valid 
eom|ilaints  i'\ve|)t  for  oceasioiial  t.-rroMeous  rejH)rls  by  student  pilots 
wiu'  are  unfamiliar  with  the  o[ierat  ion  of  the  equipment.  In  cases 
where  a crew-reported  malfunction  occurs  in  ati  .aircraft  h.avinj’ 
built  in  test  eiiuipnient,  the  crew  "sciuawk"  is  usu.illy  corroborated 
by  till-  HI  I indication.  Malfunctions  indicated  by  Hll,  however,  .are 
les:  t riqi.eiit  1 > corroborated  by  crew  re[iorts  since  trtmsient  or 

inter.iiitt  nt  malfunctions  may  pass  unnoticed  by  the  crew  but  are 
indi.  ited  b\  the  latching  type  indic.ators  employed  in  Bl'I'.  Refer- 
ring to  till-  1 low  diagram  in  figure  1,  the  "Detected?"  decision 
bli'ck  may  initially  seem  to  be  [lointless;  however,  it  was  included 
to  show  th.it  u ionics  m.a  i nt  enance  is  generally  accomplished  only  on 
.111  ".IS  required"  basis  m response  to  reported  malfunctions. 

Prevent  I \.  i'  m.i  i nt  enance  on  avionics  equipment  is  usually  limited  to 
such  t.isks  .1.  ch.inging  dessicants  and  docs  not  include  replacement 
of  .omponent  prior  to  catastrophic  f.ailure.  A locally  initiated 
exception  to  this  policy  is  in  effect  at  l.angley  AIB,  Virginia, 
where  the  contact  resisttmee  of  relays  used  in  large  nurbers  in  the 
old  MA  1 fire  control  system  on  i'-lOt)  aircrtift  is  me.asured  period- 
ically and  any  relay  having  gre.ater  than  one  ohm  contact  resist.incc 
is  repl.aced. 

2.  ,'Ial  fiinct  ion  Reporting 

Hie  AMS  technician  relies  heavily  upon  the  Al  TO  form  .A-U) 
^maintenance  job  order)  which  is  pre]iarei.l  to  rc'i'ort  a malfunction. 

In  the  case  of  the  C-3A  .aircraft,  the  Al  TO  form  .AID  and  the  AfTO 
form  781  (aircr.alt  discrepancy  log)  tire  gencrtited  by  the  (Iround 
Processing  System  ((IPS)  computer  when  the  MADAR  tape  is  read  into  the 
system.  In  the  case  of  aircraft  which  ilo  not  have  a malfunction 
recording  system,  the  AffO  form  781  is  ticcomp  1 i shed  jointly  by  the 
ert'w  members  tind  representatives  of  the  AMS  during  a debriefing 
after  coiii))  1 et  i on  of  ti  sortie.  The  debriefing  after  a sortie  is 
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haiulloli  in  various  ways  th rouy,i\out  tlu'  Air  I'orce.  Some  (Jehricf- 
injis  arc  rather  formal,  others  arc  informal,  and  as  indicated  by 
the  dotted  line  in  ligurc  A.  the  dchriefinj>  is  sometimes  omitted. 
Attendance  at  debriefings  varies;  in  some  cases,  the  aircraft 
comiiuindcr  gives  advance  notice  by  radio  of  the  nature  of  malfunc- 
tions and  tliis  information  is  routed  Ity  dob  Control  to  the  AMS 
so  that  they  can  have  appropriate  technical  representation  at 
debriefings.  In  other  cases  [lermancnt  assignments  are  made  for 
AMS  representatives  at  debriefings.  In  case  of  training  ojierations 
where  there  may  be  200  sorties  [ler  day,  time  and  maniiower  limita- 
tions [ireclude  debriefings  and  the  pilot  fills  out  a debriefing 
form  from  which  dob  Control  generates  .s49s  without  discussion  of 
the  problem  with  an  AMS  rejiresentat i ve . Debriefings  are  usually 
held  near  the  flight  line  but  in  some  cases  the  debriefing  is  held 
even  closer  to  the  aircraft.  .At  Dover  Al'B,  the  C-5A  crews  debrief 
the  flight  to  the  AMS  representatives  in  a van  which  is  driven  out 
to  the  aircraft.  At  Plattsburgh  APB,  the  IB-111  crew  remains  in 
the  aircraft  for  the  debriefing  so  that  failure  symjitoms  can  be 
demonstrated  before  the  equipment  is  turned  off.  It  is  of  great 
hel])  to  the  AMS  technician  if  he  can  actually  observe  the  malfunc- 
tion rather  than  having  to  rely  on  the  pilot's  di script  ion  of  the 
problems.  Ground  duplication  of  the  jiroblcm  is  very  inijiortant, 
since  if  the  malfunction  cannot  be  duplicated  before  maintenance 
action  is  taken,  the  technician  has  no  way  of  confirming  the 
efficacy  of  the  action  taken.  As  mentioned  before,  BIT  indications 
frequently  cannot  be  duplicated  on  the  ground  and  tliese  are  usually 
not  written  up  on  AI  TO  form  .S49  unless  they  recur  during  ground 
operation  after  the  BIT  indicators  have  been  reset. 

I'ault  Isolation  at  Plightline 

Plightline  maintenance  consists  primarily  of  isolation  of 
a fault  to  a particular  l.klJ  which  can  then  bo  removed  to  the  inter- 
mediate shop  for  further  testing  to  isolate  the  fault  to  the  SRII 
level.  Actual  repair  of  fault  at  the  flightline  is  uncommon  e.xcciit 
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for  cases  where  a minor  ailjustment  such  as  a st|uelch  control 
adjustment  or  tightening  of  loose  connectors,  etc.,  is  all  that 
is  reijuired.  Although  some  avionics  equijiment  is  modular  in 
construction,  aircraft  turn-around  time  constraints,  cx])osure 
to  weather  and  inaccessibility  of  modules  while  the  LRU  is  installed 
in  the  aircraft  generally  preclude  the  repair  of  the  l.Rtls  at  the 
f 1 i ght 1 i ne . 

llie  first  step  in  flightlinc  fault  isolation  is  to  attem[it 
to  duplicate  the  malfunction.  If  the  malfunction  cannot  be 
duplicated,  the  technician  must  choose  (a)  to  write  a cannot 
duplicate  vCNH)  report  on  the  AI-TO  l-orm  .A49,  (b)  make  some  ])erfunc- 
tory  adjustment,  or  (c)  remove  the  most  likely  l.RU  for  further 
testing  which  may  lead  to  the  isolation  of  an  intermittent  problem. 
Since  a low  CM)  rate  is  often  a measure  of  the  performance  of  the 
scpiadron,  the  technician  may  be  influenced  to  avoid  a CM)  report 
by  making  a iierfunctory  adjustment  for  the  record.  If  the  malfunc- 
tion recurs  when  the  ecpiipment  is  operated,  and  the  jiroblem  cannot 
be  corrected  l)y  accessible  adjustments,  the  susjiect  UUJ  is  then 
removed  from  the  aircraft. 

In  more  complex  avionics  systems  composed  of  several  l.RUs 
working  together,  there  is  sometimes  difficulty  in  determining  which 
LRU  is  defective.  In  the  l-B-lll  aircraft,  the  BIT  indications  do 
not  always  identify  a singular  LRU  but  often  only  narrow  the  possible 
defective  LRUs  down  to  two  or  three.  Because  of  the  uncertaint>’ 
as  to  which  LRU  should  be  removed  from  the  aircraft,  the  .^80th  AM.S 
at  Plattsburgh  Al'B  has  a flightline  van  with  a full  complement  of 
LRUs  and  this  van,  called  the  "Big  Ap])le",  is  driven  out  to  the 
IB-111  aircraft  so  that  fault  isolation  to  the  LRU  level  can  be 
accomplished  by  trial  and  error  exchanging  of  LRUs  in  the  aircraft 
with  those  in  the  "Big  Apple".  The  P-1.S  aircraft  has  both  a BIT 
status  panel  to  indicate  avionics  malfunctions  at  the  system  level 
and  BIT  indiciitors  on  the  individual  LRUs  within  the  systems. 
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iho  KIT  itulic.itors  on  i nd  i v i tl  u;i  1 l.kHs  should  ;ivoiil  tlio  amh  i guous 
null  cat  ions  cxpor i onccd  with  the  lK-111;  however,  technicians 
reporteil  that  the  KIT  indications  are  sometimes  inaccurate  with 
regard  to  tlie  specific  Lid)  and  that  exchange  of  non- i ndicated  LKDs 
IS  sometimes  necessary  to  clear  KIT  indicated  system  faults. 

The  trial  and  error  suhstitution  of  hRIIs  to  fault  isolate 
to  the  I.KII  level  is  indicated  by  the  dotted  loop  on  the  flow  chart 
in  ligure  . h’hen  the  fault  has  been  eliminated  by  substitution 
of  l.KlIs,  the  TRII  which  has  been  removed  from  the  aircraft  is  then 
sent  to  the  intermediate  shop  for  repair.  The  fault  isolation  by 
substitution  approach  is  reported  to  be  working  well  with  the 
"Kig  ,\[)ple”  at  I’lattsburgh  ATK,  but  this  fault  isolation  technique 
also  gives  ambiguous  indications  if  there  happens  to  be  more  than 
one  defective  I.RII  in  the  system.  In  simpler  systems  where  the 
technician  has  confidence  in  having  the  approjiriate  LRU,  the  I.RII 
is  sent  to  the  intermediate  sho|i  for  repair  and  the  system  is 
restored  to  ojK-rating  condition  either  through  use  of  a replacement 
I.RII,  if  available,  or  if  turn-around  time  constraints  permit, 
through  shop  repair  of  the  removed  I.Rl)  and  re  i ns  ta  1 1 at  ion  of  the 
I.RII  in  the  aircraft. 

4.  Tail  It  Isolation  in  AM.S  Shop 

After  the  flightline  technician  has  isolated  a system  fault 
to  the  l.RI)  level,  an  ATTO  Torm  350  is  prepared  and  the  defective 
I.RII  is  taken  to  the  intermediate  shop.  Hie  ATTO  Torm  .350  contains 
information  transcribed  from  the  ATTO  Torm  310  which  identified  the 
original  system  malfunction  plus  any  additional  information  wiiich 
may  be  added  by  the  flightline  technicians  with  regard  to  the 
symptoms  or  action  taken  to  isolate  the  fault  to  the  particular  I.RII. 
In  a three  tier  organization,  the  flightline  technicians  and  the 
sho|)  technicians  are  in  scjiarate  organizational  units  and  have  little 
or  no  direct  contact.  Kecause  of  this  sc]viration,  the  AT  TO  Torm  350 
is  the  [irimary  channel  through  which  the  shop  technicians  learn  about 
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tho  f.ailt  ill  tiu'  I.KO  which  they  ;i  re  expected  to  rejiair.  In  a 
two  tier  orjtani  zat  ion,  both  flightline  and  shop  technicians  are 
in  the  same  unit  and  tliere  is  more  opportunity  for  them  to 
commun i cate . However,  even  in  a two  tier  organization,  the  same 
technician  may  not  necessarily  bench  test  an  I.RII  which  he  has 
removed  from  an  aircraft.  Operation  of  /\MS  shops  is  usually  on  a 
two  or  tlirec  shift,  five,  six  or  seven  day  a week  basis  except  for 
precision  measurement  eipiipment  laboratory  (rMlf)  and  aerospace 
ground  equipment  (Afil:)  shops.  In  addition,  the  tendency  is  for 
the  better  and  more  experienced  technicians  to  be  assigned  to  the 
shop,  while  the  more  Junior  technicians  are  assigned  to  the 
f 1 i gh  1 1 i ne  . 

Mien  an  I.KU  is  received  in  the  AMS  shop,  it  is  bench  tested 
either  on  a hot  mockup  or  on  a special  test  set.  Hot  mockup 
testing  is  generally  accomplished  on  l.RUs  from  older  avionics  systems 
while  newer  l.RUs  are  more  likely  to  bo  tested  on  either  an  auto- 
matic or  manual  test  set  designed  to  test  specific  sets  of  LRUs. 

A hot  mockup  is  a full  set  of  l.RUs  which  arc  assembled  to  make  a 
bench  model  of  the  particular  avionics  system.  A hot  mockup  differs 
from  the  aircraft  installation  onl\-  in  that  it  has  readily  accessible 
test  points  and  includes  test  equipment  such  as  signal  generators 
to  provide  the  ininits  which  would  be  received  in  the  aircraft, 
riiroiigh  observation  of  the  performance  of  an  LRU  in  a hot  mockup 
along  with  knowledge  of  the  circuitry,  the  shop  technician  can 
localize  the  problem  by  deduction. 

Test  sets,  particularly  fully  automatic  test  sets,  reipiirc 
little  or  no  deductive  reasoning  by  the  sho|i  technician  but  rather 
rely  upon  the  reliability  of  the  program  written  for  the  computer 
which  controls  the  operation  of  tlie  test  set.  In  a test  set,  the 
LRU  under  test  is  testeil  as  an  individual  box  rather  than  as  an 
operating  component  of  an  avionics  system  as  is  the  case  with  a 
hot  mockup. 
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! t'  tin-  I.KII  rccc'ivoil  from  the  flight' ine  initially  tests  OK 
at  the  inf ‘ermeiliati  shop  level,  a CM)  (Cannot  Hiiplieate)  report 
is  annotateil  on  the  Al  TO  l-orni  oSO  and  the  I.Ull  is  returned  to 
ser\iee.  I'here  may,  however,  be  pressure  on  the  technicians  to 
kee[)  the  (i.M)  rate  low  and  a perfunctory  adjustment  or  alignment 
may  he  reported  even  though  no  positive  duplication  of  the  mal- 
function was  observed.  In  cases  where  a malfunction  is  confirmed 
in  the  intermediate  shop,  repair  of  the  l.lUJ  is  accomplished  by 
replacement  of  defective  SKlIs  within  the  LRU.  I'efective  SRUs 
are  identified  cither  by  a test  set  or  by  a technician  using  his 
troubleshooting  ability  to  relate  symptoms  observed  on  a hot 
mockup  to  specific  SRll  functions.  Regardless  of  the  test 
procedure  employed  in  the  shop  to  fault  isolate  to  the  SRIJ  level  , 
the  general  practice  is  to  replace  the  SRll  which  has  been  identified 
as  defective  and  retest  the  LRU  to  confirm  the  efficacy  of  replacing 
the  SRU.  If,  however,  replacement  of  a suspect  SRU  does  not  effect 
a fix  or  if  no  replacement  SRU  is  available,  the  LRU  falls  into  a 
N'RTS  (.Not  Repairable  This  Station)  status  and  is  sent  to  a depot 
for  repair  or  held  until  necessary  ]iarts  become  available  for 
repair  of  the  LRU  at  base  level.  Priority  is  placed  on  accomiil i sh i ng 
repair  of  LRUs  at  base  level  and  apjirova 1 from  the  Item  Manager  for 
the  l.RU  must  be  obtained  before  an  LRU  can  be  shipped  to  a dejiot 
for  repair.  I’ending  receipt  of  the  item  Manager's  approval  for 
sending  a defective  LRU  to  depot,  the  LRU  must  be  held  at  base  level 
in  an  awaiting  parts  (AWP)  status  regardless  of  the  reason  for  the 
l.RU  being  unrepairable  at  base  level.  Defective  SRUs  removed  from 
LRUs  may,  depending  u()on  the  specific  SRU,  be  throw-away  items, 
repairable  at  base  level,  or  re])airable  only  at  depot  level.  Older 
SRUs  employing  tubes  and  discrete  comiionents  are  more  likely  to  be 
classified  as  base  repairable  items  while  SRUs  from  newer  systems  of 
high  density  construction  rei|uiring  special  soldering  skills  gener- 
ally are  depot  repair  items. 


S.  Avionics  Mai ntenonco  at  DcjKit  l.ovcl 

At  depot  level,  the  equipment  sei’''iced  covers  a wide 
I'anjie  in  age  and  functions  and  no  singular  [irocedurc  is  followetl 
for  all  equipments.  Althouj;h  tlie  avionics  Technical  Rejiair 
Center  (TRC)  is  at  Warner-Kob i ns , some  avionics  maintenance  is 
accomplished  at  otlier  locations  with  different  work  procedures. 

The  Aerospace  (iui dance  and  Metrolojty  Center  (ACMC)  at  Newark  Air 
force  Station,  Ohio,  is  responsible  for  maintenance  of  inertial 
navigational  c(|uipmcnt  and  f'-lll  avionics  are  maintained  at 
Sacramento  AI.C.  Although  there  is  no  singular  work  flow  which 
is  followed  in  all  depot  maintenance,  the  highlights  of  maintenance 
procedures  at  depot  level  are  shown  in  figure  3. 

Two  tv])es  of  maintenance  are  accomplished  at  depot  level.  Old 
ecpiipment  such  as  the  APN-59  radar  is  completely  refurbished  at 
Warner-Rob i ns  ALC  while  newer  equipments  arc  repaired  as  required. 
The  AFTO  Form  3.30  which  accompanie.s  l.RlIs  is  not  used  at  Warner- 
Robins  ALC  in  the  case  of  older  equijiments.  Cann  iba  1 i cat  ion  for 
SRlTs  and  even  component  parts  at  base  level  results  in  LRUs 
returned  to  depot  being  "suitcases  for  defective  SRUs"  and  the 
problem  described  on  the  AF'TO  Form  350  does  not  reflect  the  actual 
status  of  the  LRU.  At  ACMC,  however,  the  AF'TO  Form  350  remains  with 
the  LRU  and  corrective  action  is  indicated  when  the  LIUI  is  returned 
to  the  base.  Another  variation  encountered  in  depot  oj)eration  is 
that  some  maintenance  work  is  jierformed  by  contractors. 

When  a piece  of  c(iuipment  is  refurbished  at  IV.irncr-Robins  ALC, 
initial  testing  is  bypassed  and  the  e(|uipment  is  disassembled  for 
refurbishment  of  subassemblies.  Components  known  to  have  high 
failure  rates  arc  replaced  by  siicc i a 1 i st s working  on  a prouuetion 
line  type  operation.  .Subassemblies  arc  tested  using  either  general 
[)urposc  test  equipment  or,  in  some  cases,  special  test  sets  are 
av.'iilable.  The  refurbished  subassemblies  are  then  rcassemliled  into 
complete  LRUs.  No  attempt  is  made,  however,  to  re.issemble  the  same 
complement  of  subassemblies  into  an  LRU. 
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At  WaniLT-kob  i ns  \L(!  aiul  AtlMC,  it  was  learned  that  final  test 
aiul  ins])eetion  is  aeconip  I i sheil  on  a sainplinjt  basis  and  that  lOO'o 
testing  is  performed  only  when  unsatisfactory  reports  (llRsJ  from 
bases  indicate  that  defective  units  are  being  delivered.  Some 
problems  arc  attrilnited  to  tlamage  while  in  transit  and,  therefore, 
test  at  base  of  I.Rlls  received  from  depot  is  sometimes  necessary  to 
pi'eclude  installation  of  faulty  cc|uipmcnt. 

LRDs  in  the  def'jot  for  rcfia  i r rather  than  comjilete  refurbish- 
ment are  tested  and  fault  isolation  to  the  SRIJ  level  is  accompl  i slied 
on  manu.al  or  automatic  test  sets.  At  AiiMC,  technicians  0[)crating 
automatic  testers  arc  rotated  among  test  stations  and  the  clean 
room  operations  in  order  to  minimize  boredom  and  frustration  asso- 
ciated with  operation  of  automatic  test  equipment.  At  .Wnrncr- 
Robins  Al.C , technicians  arc  seldom  rotated  because  of  the  nature 
of  the  testers  and  cquijjmcnt  serviced.  Test  cquiiiment  used  in  the 
Production  Brandi  sections  of  the  Airborne  l.lcctronics  Division  at 
Karner-Robins  AhCi  include  mu  1 1 ipuriiosc , comiuitcr  controlled  test 
sets,  specific  l.RU  test  sets,  hot  mockups,  and  general  purpose 
instruments  such  as  oscilloscopes,  signal  generators,  and  multimeters. 
Phis  diversity  of  equipment  and  the  high  sjiecia  1 i zat  ion  of  the 
technicians  [irecludcil  rotation  of  assignments.  At  ACiMC  the  work 
is  limited  to  inertial  navigation  and  guidance  e(|uipmcnt. 

In  the  case  of  the  avionics  in  the  I'-lll  aircraft,  depot- level 
maintenance  is  uniipie.  Tlie  original  f- 1 1 1 system  concept  was  to 
have  sophisticated  automatic  test  etiuipment  at  base  level  which 
would  [lermit  avionics  maintenance  without  reliance  upon  a depot. 

It  was  learned  through  experience  that  this  concept  was  unsatis- 
factory when  manned  by  enlisted  personnel  and  alternate  a]ipro;iches 
for  I'-lll  avionics  maintenance  were  initiateil.  At  Cannon  Al'B, 
the  1-1111)  avionics  maintenance  was  contracted  to  C.eneral  Dynamics, 
the  prime  contractor  on  the  I'-lllD,  for  a trial  to  determine  if  the 
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bast'  autoiiiaiit;  test  et(ii  i pineiit  a|)proach  could  he  made  to  work 
with  civilian  operators.  Ihis  is  being  [iliased  out  and  Cannon  AlH 
was  iu)t  included  in  the  fami  1 i ar  i ,'at  ion  tour  which  preceded  this 
report.  A set  of  automatic  test  etiuipment  which  is  identical  to 
tlivit  used  at  base  level  lias  been  installed  at  Saciaraento  Al.C  where 
It  IS  operated  b)-  civilian  technicians  having  greater  e.xperience 
than  most  enlisted  personnel  in  the  .VMSs.  I'he  technicians  ;it 
Sacramento  AuC  frequently  can  f.ault  isolate  to  the  SRU  level  on 
l.KlIs  which  hive  been  received  from  bases;  however,  some  faults 
cannot  be  isolated  on  the  automatic  test  equifiment  regardless  of 
the  e.<perience  of  the  operator.  When  the  fault  cannot  be  isolated, 
the  defective  LRU  is  taken  to  the  Avionics  Integrated  .Support 
Facility  (AISF)  which  has  complete  hot  mockujis  of  the  several  [■  - 1 1 1 
avionics  suites.  Ihe  AISF  is  operated  primarily  by  contractor 
(Autonetics,  personnel  and  is  not  intended  to  be  a repair  sliop, 
but  is  unofficially  used  to  fault  isolate  to  the  SRI)  level  through 
exchange  ot  SRUs  while  observing  overall  system  performance  in  the 
hot  mocku[).  tlenerally  the  tyjies  of  faults  so  isolated  are  inter- 
mittent failures  which  tend  to  he  missed  by  ATI; . 

B.  .Av  ion  i cs  M.i  i ntenance  Pe  rsonne  1 

Military,  civil  service,  air  reserve  teciinicians  (ART),  ami 
contractor  personnel  are  eni|)loyed  to  accomplish  avionics  maintenance. 
\t  base  level,  the  AMSs  are  predominately  military  personnel  organ- 
izations, wh  i le  at  depot  level,  the  vast  majority  of  assigned  per- 
sonnel are  civilians.  llu  use  of  civil  i.ins  in  avionics  maintenance 
sciuadrons  varies  from  base  to  base.  Of  the  several  bases  visited, 
no  civilians  were  oliserved  in  avionics  maintenance  squadrons  at 
Strategic  A i Command  (SAC)  liases,  wli  i 1 e at  Military  Airlift  Command 
(MAC)  and  Air  Iraiiung  Command  (ATC)  bases,  a minority  re|iresenta- 
tion  of  ciKili.uis  were  observed  working  along  with  enlisted  per- 
sonnel. Siaiie  of  tlie  civilians  are  civil  service  pei'sonnel  , wiiile 
others  are  air  reserve  technicians  (ART).  Hie  princifial  merit  of 
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Iiavinj;  some  ci\'ilians  i ti  the  AMS  shops  is  that  they  arc  tu't 
subject  to  rcass  i jtnmcnt  and,  tiiercfore , can  provide  continuity 
and  greater  expertise  to  the  organization.  During  the  Viet  Nam 
war,  maintenance  techtticians  would  often  come  to  an  AMS  from 
technic.il  school  ami  work  in  the  AMS  for  only  a year  before  being 
transferred  to  SI'.A.  Since  at  least  oiu'  year  on  an  assignment  is 
nece.tsary  to  build  uji  exjK'rtise,  the  cifilioiis  were  particularly 
essential  during  this  period  of  relatively  short  assignments  for 
the  new  technicians.  I'he  importance  of  keejiing  experienced 
avionics  maintenance  technicians  is  recognized  in  M.ACi  and  technicians 
assigned  to  C-5A  aircraft  have  a special  suffix  on  their  Air  Force 
Speciality  Code  (AFSC)  which  assures  them  of  long  term  assignments 
to  either  C-5A  home  bases  or  enroute  bases.  In  general,  the  use 
of  combined  military  and  civilian  personnel  at  base  level  ajipears 
to  have  definite  merit;  however,  some  resentment  by  the  enlisted 
personnel  is  possible  since  civilian  technicians  must  be  paid  for 
any  overtime  while  the  enlisted  personnel  receive  no  overtime  pay. 
Additionally,  civilians  generally  receive  higher  pay  for  their 
work  than  do  their  military  counterparts. 

1.  Qualifications  of  Avionics  Maintenance  I’ersonnel 

Avionics  maintenance  technicians  are  generally  considered 
to  be  above  average  enlisted  personnel.  Those  with  the  greatest 
ability  and  most  experience  tend  to  be  assigned  to  bench  work  in 
the  .\M.S  shop,  while  the  less  exjierienced  are  more  likely  to  be 
assigned  to  work  on  the  flightline. 

Diverse  responses  were  received  at  vaidous  bases  regarding  the 
quality  of  recent  graduates  from  the  technical  schools.  It  had 
been  anticiiiated  that  the  quality  of  Air  Force  enlistees  would  drop 
witli  the  end  of  the  draft,  but  apparently  this  factor  has  been 
offset  by  the  tight  job  market.  .Several  /\MS  sho]i  chiefs  stated 
that  recently  arrived  technicians  are  extra  sh.irp;  however,  some 
also  were  critical  of  the  training  being  given  in  the  technical 
schools.  The  wide  range  of  technology  in  current  avionics 
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ciiii  i pini'tU  presents  a problem  in  ]irov  i d i ng  appropriate  traininjt  in  tlu' 
teehnieal  schools.  The  very  oUl  (15-20  year)  ecpiipment  still  i ti  use 
in  b-52s,  kf.-l,55s,  etc.,  is  a ])rohleni  foi-  the  new  technician  since 
this  obsolete  eipiipment  is  passed  over  in  the  technical  schools^ 
whereas  the  new  equi]iment  such  as  that  on  the  1-15  is  not  yet 
included  in  the  traininj;  proj>rams.  The  career  development  course 
for  1--15  technici.ans  is  based  on  the  1-111  avionics  systems  which 
are  different  from  those  of  the  f-15. 

As  avionics  systems  have  become  more  sophisticated  and  comjilex, 
maintenance  has  shifted  from  reliance  on  deductive  reasoning  to  the 
use  of  automatic  test  equ i iimcnt,  i n which  case  the  technician  becomes 
an  operator  following  specific  instructions  and  is  not  exjiected  to 
ajiply  deductive  reasoning.  In  the  case  of  the  I'-KS,  the  technical 
orders  describe  only  how  to  operate  the  test  equipment  and  do  not 
include  diagrams  of  the  unit  under  test.  lixperienced  technicians 
exjiress  d i ssat  i sfact.i  on  with  being  test  set  operators  instead  of 
using  their  knowledge  to  diagnose  problems  by  troubleshooting  through 
the  circuitry.  Several  reports  were'•^also  received  about  technicians 
being  frustrate  1 by  automatic  test  ecpiipment  on  systems  other  than 
the  l•-15.  Older,  more  experienced  technicians  were  more  vocal  in 
their  dislike  of  ATh  and  a number  of  senior  technicians  are  retiring 
early  although  ATf  is  not  the  only  reason  for  this  trend.  The 
newer  technicians  seem  much  more  receptive  of  automatic  test  ecpiip- 
ment since  they  have  not  develojicd  expertise  in  troubleshooting  and, 
therefore,  do  not  feel  that  their  Job  has  been  usurped  by  the 
mach i nes . 

At  the  de[iot  level,  the  technicians  are  all  civilians,  many  of 
whom  arc  considerably  older  (.57  yr  average  at  Warner-Robi  ns  AI.C) 
than  the  enlisted  technicians  in  the  AM.S  shops  and  generally  are  at 
the  WS- 1 1 grade  level.  At  Warner- Rob  i ns  A1,C  , there  is  a formal 
training  school  for  technicians,  i'he  school  has  10  instructors, 
who,  with  the  aid  of  video  tapes,  teach  electronic  fundamentals. 

Since  depot  level  maintenance  includes  replacement  of  integrated 
circuits  on  high  density  circuit  boards,  the  school  also  jirovides 
training  in  siiccialized  soldering  technicpies. 
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J.  l!' ’Ill  r.K' t i>r  I’lT-^OMiif  1 

hi  .ulilitivMi  t>>  pcrsoniio  1 fni|)  I oyc'il  by  con  t rac  tors  in  the 
|HT  forma  nee  of  nia  i nt  i-nanci'  wiirk  fannoil  out  tiy  dc['ots,  a feu  con- 
tractor [H'rsonncl  are  emp  1 o\ id  on  site  in  tlie  avionics  maintenance 
squadron-'  and  at  the  M.Cs.  I'or  example,  full  time  technical  repre- 
sentatives of  lloneiwel  1 assist  in  the  o[)eration  of  the  model  ISOS 
intomatic  test  set  in  the  (h  SA  AMSs.  I'lie  model  ISIO  test  set  is 
cominiter  controlled  but  unlike  many  automatic  test  sets,  [lermits 
till-  technician  to  interact  with  the  computer  to  diagnose  problems. 

I'he  efficacy  of  this  interaitive  mode  of  operation  is  largely 
dependent  iiiion  the  skill  of  the  technician,  and  the  Honeywell  repre- 
sentatives were  rc|ior1ed  to  be  very  valualilc.  At  Sacramento  .\l,t', , 
Rockwell  employees  work  along  with  civil  servants  in  the  operation 
of  the  1-111  avionics  suites  in  the  Avionics  Integrated  Support 
lac i 1 i ty . 

f. . Principal  I’roiilem  Areas 

When  inquiries  were  made  at  various  avionics  maintenance  organ- 
izations regarding  problems,  the  most  common  reply  was  "getting 
parts"  followed  by  complaints  alioiit  test  equipment. 

1.  Replacement  Parts 

I'he  maintenance  policy  of  the  Air  lorce  is  to  operate  with 
a minimum  number  of  spare  LRUs  and  to  stock  SRlJs  at  base  level  so 
that  LRUs  can  be  repaired  at  base  level  and  quickly  returned  to 
Service.  'I'he  minimal  number  of  sjiare  LRUs  results  in  extensive 
cannibalization  ol'  LRUs  among  aircraft.  I'or  example,  the  LRUs  carried 
in  the  "Rig  Apple"  van  at  Plattsburgh  APB  for  flight  line  fault  isola- 
tion through  exchange  of  LRUs  are  cannibalized  from  aircraft  not 
scheduled  to  fly  on  a particular  day.  The  spare  situation  is  gener- 
ally not  as  tight  for  sRlls  but  is  still  limited  in  many  cases. 

Lanrii  bi  I i zat  ion  of  LRUs  for  .SRUs  and  even  smaller  parts  is  also 
[iracticed  in  AM.S  shops.  Current  AILC  operating  procedures  require 
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that  non  - rcpa  i rah  1 o I l-tlh'  I'o  tu'Kl  at  hast-  until  a])[iroval  to  st-iui  thoin 
to  tlo[)ot  i rei't'ivi-d  form  tho  1 1 om  Manapi'r.  I ivlui  i o i ans  within  tiu' 
maintenance  siinadrons  consider  these  defective  I.UIIs  fair  jjame  as  a 
source  of  SRDs  or  smaller  comiionents  needed  for  the  rejia  i r of  other 
hulls.  Because  of  this  cann i ha  1 i za t i on  at  base  level,  hUUs  received 
bv  dejiot  may  liave  several  tlefective  or  missinf>  SUlls  and  the  Al  TO 
I'orm  .‘SSO  data  accompany  i ti{;  the  LRU  is  useless.  .Strijiiiing  of  defec- 
tive I.RlIs  for  [tarts  is  particularly  common  with  older  ecpiipment 
such  as  the  AI’N-.s9  radar  set  . 

While  at  Warner- Rob  i ns  AI.C,  we  were  shown  a radar  modulator  which 
was  received  with  all  but  one  of  the  silicon  controlled  rectifiers 
(ShRs)  removed  at  base  level.  We  were  advised  that  tliese  particular 
•SCKs  had  been  difficult  to  obtain  and  the  su|)ervisor  at  W'arner-Rob i ns 
Al.h  speculated  that  the  remaining  -SCR  wouKl  probabl)-  he  found  to  be 
defective  and  that  the  missing  .SCRs  were  good  ones  which  had  been 
removed  to  rejiair  other  modulators. 

Although  [larts  shortages  leading  to  cannibalization  cause  extra 
work  for  AMS  technicians,  the  technicians  arc  doing  a commendable  job 
in  keejiing  the  aircraft  flying  on  schedule.  Aircraft  arc  always 
scheduled  to  fly  by  tail  number  to  avoid  unequal  distribution  of  flying 
time  among  the  aircraft.  It  is  important,  particularly  in  SAC,  that 
scheduled  aircraft  take  off  on  time  regardless  of  how  many  aircraft 
not  schediiled  for  that  day  must  be  cannibalized  to  make  the  scheduled 
aircraft  o[)erat  ional  . In  addition  to  the  labor  involved  in  swa|)|iing 
I.RlIs  and  SRDs,  cann  ib.i  1 i zat  ion  also  aggravates  connector  and  cable 
[iroblems  in  avionics  systems.  In  the  case  of  the  very  old  avionics 
^ equi])ment,  some  replacement  parts  are  unavailable  because  tliey  use 

obsolete  technology  which  has  gone  out  of  production,  lilectro- 
mechanical  devices  are  [lart i cu I ar 1 y difficult  to  obtain  for  replace- 
ment use.  While  the  old  vacuum  tube  c<iui[)ment  has  low  reliability, 
maintenance  technicians  did  not  identify  electron  tubes,  [>er  se,  as 
maintenance  jirobleiiis  since  s[iares  are  generally  available  and  replacement 
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IS  sii!ij)l<.'.  This  could  cli;uii;t',  hout-vcr,  kvlic-ii  current  stocks  arc 
ilopleted  because  many  tube  types  iiave  lunj;  been  out  of  production 
and  some'  major  IIS  tube  maiiuf  ac  t urei  s have  closed  <lc>un  their  [irodiic- 
t I on  fac i 1 i t i es . 

It  seems,  however,  exeefit  for  very  old  [larts,  that  most  of  the 
parts  shortage  complaints  are  attributable  to  austerity  of  the  All.f 
liudget  . At  AMS  shops,  su]ierv  i sors  and  even  some  bench  teclin  i c i aiis 
c|uoted  exact  costs  for  certain  jiarts  and  sltowcd  great  concern  over 
the  value  of  jiarts  vvhich  could  be  salvaged.  However,  there  is  little 
concern  about  labor  costs  which  may  be  incurred  in  cannibalization, 
salvage  from  SKlIs,  or  jiartial  repairs.  At  a SAC  base,  we  were  shown 
an  I.KII  of  a stabilization  augmentation  system  in  which  certain  elec- 
trolytic capacitors  were  failing.  Since  reiilaccment  before  catas- 
trophic failure  is  not  authorized  use  of  [larts,  in  a short  time  period, 
the  bRlI  would  have  to  be  removed  and  repaired  several  times  until  all 
o|'  the  ^larticular  capacitors  had  been  replaced,  thereby  increasing 
the  total  labor  cost  considerably  as  com]iared  to  replacement  of  all 
cajiacitors  at  the  .same  time  on  a given  I.RII. 

Parts  are  particularly  difficult  to  obtain  to  reiia  i r 1-111 
avionics  system  I.RlIs  which  have  been  returned  to  Sacramento  AU 
because  base  /VMS  shops  have  higher  jiriority  for  obtaining  rejilacement 
SRlJs.  This  results  in  a high  percentage  of  defective  l.RlIs  being  held 
at  Sacramento  for  lack  of  parts.  I'he  only  way  to  obtain  replacement 
SRlJs  without  having  base  priority  is  to  cajole  the  particular  Item 
Manager  into  sending  the  necessary  units.  The  Itviii  Manager,  however, 
cannot  always  make  units  available  sim|ily  because  there  ma>’  not  be 
enough  in  the  inventory  nor  does  he  have  funds  avail.able  to  procure 
more.  Brief  discussion  with  an  Item  Manager  indicated  that  the  manager 
is  ultimately  control  leil  by  the  budget  from  Al  l.f!  and  regardless  of  the 
number  of  units  reipiired,  the  number  ])rocureii  will  reflect  any  budget 
cuts  which  are  imjiosed  on  the  Item  Manager. 


I.Ull  ;irul  SUt)  short  af^es  also  cause  ilistortion  of  ina  i nt  c’nauco 
ilata.  \MS  technicians  sometimes  rcjilace  non-defective  units 
hopini;  to  fiiul  a system  "mix"  that  will  work  with  a unit  which  is 
out  ot‘  tolerance  hut  for  which  no  replacement  is  available.  This 
I'esults  in  a higher  indicated  failure  rate  for  associatetl  units 
while  concealing  the  identity  of  the  unit  which  necessitated  chang- 
ing of  other  units.  This  problem  is  primarily  associated  with  the 
l-lii  where  there  are  shortages  of  many  Utils  and  man\'  test  eipiiimient 
jirohlems  exist. 

In  addition  to  complaints  about  difficulties  in  obtaining  re- 
placement  parts,  complaints  were  also  heard  about  defective  material 
being  received  from  depot.  Some  of  the  defects  are  attributed  to 
damage  while  in  transit,  others  to  poor  contractor  performance,  and 
some  to  lack  of  adequate  inspection  and  cpiality  control  at  the  dejiot  . 
Some  contractor  rejiaired  equipment  was  rejiorted  to  have  been  received 
with  parts  missing  and  in  such  poor  condition  that  repair  in  the  AMS 
shop  could  not  be  acconi]i  1 i shed . hquipment  repaired  or  refurbished 
at  depot  is  tested  on  a sampling  basis  except  when  unsatisfactory 
report.'  (lIKs)  are  received  which  indicate  that  100°  testing  is 
necessary.  At  Warner-Kob  i ns  AI.C,  we  were  advised  that  the  UR  rate 
is, only  about  1 1/2°,  while  at  some  AMS  shops  we  were  told  that  all 
'incoming  LRUs  were  tested  and  that  up  to  50»  of  tiiem  were  either 
defective  or  out  of  tolerance.  An  explanation  for  this  big  difference 
is  that  the  UR  system  is  not  working  as  it  was  intended  to.  At  base 
level,  URs  are  not  written  on  all  defective  or  out  of  tolerance 
equipment  because  there  is  a feeling  that  submission  of  an  UR  is  just 
additional  paperwork  which  will  accomplish  nothing.  Rcs]ionses  to  URs 
are  said  to  often  he  i)erfunctory  statements  such  as  ".Shipping  tiamage" 
or  "Material  failure",  thereby  tetuling  to  discourage  the  origination 
of  URs. 
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AnotluT  factor  contributing  to  jiarts  availability  problems  is 
the  normal  failure  characteristics  in  vvhicb  a relatively  high  failure 
rate  i-arl>'  in  the  operation  of  a piece  of  equipment  is  followed  by 
a low  lailure  rate  |iei'iod  which  is  cpiite  long  ami  lasts  until  wearout 
is  ,iiulicat('d  by  a definite  increase  in  the  failure  rate.  At  Iv'arner- 
Robins  Al.t',  we  were  advised  that  they  are  rectuired  to  dispose  of 
parts  which  ap|)ear  to  be  in  e.xcess  of  requirements  iluring  the  low 
failure  rate  period  for  ecpiipment,  and  then  ])urchase  adtlitional  parts 
when  failure  rates  climb  as  the  equi]imetit  enters  the  wearout  jihase 
of  Its  life.  Kejirocurement  of  parts  :it  this  time  is  sometimes  far 
more  e.xpensive  than  the  original  s]iares  because  the  parts  are  out  of 
liroiluct  ion  and  must  be  built  on  a custom  basis. 

2.  Test  fquipment 

The  sccoTid  major  problem  area  encountered  was  test  ecpiipment. 

In  general,  com[ilaints  about  individual  pieces  of  shop  test  ecpiiiimcnt 
were  about  low  reliability,  ])Oor  stability,  and  excessive  size.  Some 
sliojis  are  using  very  old  test  generators  for  calibration  of  1ACA.\ 
sets  and  the  complaints  about  this  ecpii|)ment  are  valid.  Some  sho[)s, 
however,  have  new  ecpiipment  and  this  ecpiipment  is  highly  jiraised  by 
the  shop  people.  With  regard  to  individual  pieces  of  sho[i  test 
ecpii[iment,  there  does  not  apfiear  to  be  any  technical  |iroblem  but 
rather  a logistics  [iroblem  in  obtaining  modern  test  ecpiipment  to 
re[ilace  the  old  equipment  which  is  being  used  in  some  shojis . One 
[uoblcm  identified  with  the  re[ilacement  of  obsolete  test  ecpiipment 
is  that  the  instructions  in  technical  orders  sometimes  are  inappropriate 
with  regard  to  the  use  of  test  ecpiipment  other  than  the  model  specified 
by  the  T.  0. 

a.  built-in  Test  l;cpii[)ment  (BIIT).  Many  maintenance  technicians 
expressed  critical  comments  with  regard  to  built-in  test  ecpiipment. 
fhe  older  technicians  having  experience  in  troubleshooting  ecpiipment 
which  does  not  have  HIT  generally  dislike  and  distrust  HIT.  The 
|iroblem  with  HI  I seems  to  be  that  it  often  gives  fault  indications 
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vvhii.h  o.innut  l>c  dupl  icatcJ  anj  that  thi'  fault  i lui  i «.a  t i on  doc-s  not 
aoiurati'l y isolato  tlic  ih-oIiIlmii.  In  the  IH-IIIA,  it  was  reported 
that  the  hir  does  not  even  isolate  the  fault  to  a sitigle  LKII  and 
that  isolation  to  the  l.Kll  level  must  he  accomplished  by  substi- 
tution of  l.lUls  on  the  flight  line.  Since  the  h If  in  tlie  I'- 15  has 
indicators  on  iiuli  vidua  1 l.Rlls,  one  would  think  the  problem  of 
fault  isolating  to  the  l.Kll  level  would  be  solved.  Technicians  in 
the  1 15  'MSs  , however,  rejiort  that  replacement  of  non- i nd  i ca  t ed 

l.KHs  IS  soiiift  i mes  necessary  to  restore  the  avionics  to  operation. 
Ihis  may,  in  some  cases,  be  the  result  of  action  taken  by  the  <\MS 
technicians  rather  than  being  erroneous  HIT  i lul  i ca t i ons  . It  was 
learned  th.ii  maintenance  technicians  sometimes  replace  non- indi- 
cated, but  related  l.KUs  in  a system  when  they  do  not  have  a reiil;ice- 
ment  for  an  TRII  which  is  indicated  to  bo  faulty.  In  this  desperate, 
"do-anytli  1 ng-yoLi-can"  ajiiiroach  to  getting  a system  back  into  oper- 
ation, it  appears  that  sometimes  a mix  of  l.Rlls  is  found  which  is 
tolerant  of  a marginal  LRU  which  has  been  identified  by  BIT  and 
the  system  can  be  made  to  ojicrate  without  rejilacing  the  indicated 
LRU.  The  ctficacy  of  BIT  cannot  be  accurately  assessed  unless 
aileipiate  sp.ires  are  available  to  permit  the  technician  to  take  the 
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action  indicated  by  the  BIT. 

b.  .Automatic  Test  lujuipment  (ATL).  Many  shop  siijiervisors 
interviewed  .it  several  VMSs  exjiressed  dislike  and  distrust  of  auto- 
matic test  equi|)ment.  This  attitude  is  particularly  strong  among 
the  ohkr  lua  i nt  enance  [lersonnel  who  have  gained  skill  in  fault 
isol.it  ion  on  hot  mockups.  They  .also  expressed  the  desire  to  have 
.1  hot  mocku|)  to  verify  operation  of  l.Rlls  after  fault  isolation  and 
subsequent  SRII  repl;uement  has  been  accomplished  through  the  use  of 
an  automatic  test  set.  In  the  use  of  the  T-15  avionics,  only  a part 
of  the  .ML.  is  operational  and  much  remains  to  be  done  on  software 
problemi  . 
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One  prohlc'iii  whicli  was  ulcnt  i fied  is  tlie  dctc'rmi  nat  i on  of 
port onnancc  limits  whuh  will  give  aj^rocmcnt  liotwecn  the  \TI.  in 
tlu'  shop  and  tho  hlT  indication  in  the  aircraft.  .Since  much  of 
the  All;  for  the  l'-15  avit)nics  was  not  yet  in  oper.atio'i  at  the 
time  of  this  survey,  many  1-15  l.lUls  arc  returned  to  McDonnc'l- 
nouj’,las  foi'  repair.  1-15  A.MS  technicians  advised  us  that  a liot 
mockup  is  used  for  fault  isolation  of  the  LKlIs  which  are  returned 
to  the  contractor. 

The  architecture  of  ATH  is  still  evolving.  The  older  ATI;  for 
the  l-'-lll  avionics  usc.s  a central  computer  while  the  A'l  h for  the 
1-15  uses  a sep.irato  minicomputer  for  each  test  set.  The  use  of 
separate  minicomputers  is  advantageous  since  this  makes  the  several 
test  sets  independent  of  each  other  and  failure  of  one  minicomputer 
does  not  stop  all  Alii  ojterations. 

Some  ATI;  methodologies  afford  more  flexihilit)'  of  operation 
than  others,  iiie  1-15  Ail;  apj)cars  to  be  quite  inflexible  and 
designed  for  operation  by  a "trained  monkey"  having  no  knowledge 
of  the  o|)eration  of  the  LRU  under  test.  With  t!ie  K-15  AIT,  the 
test  se(|uenci-  starts  from  the  beginning  after  each  corrective 
action  has  been  made.  It  would  seem  desirable  to  be  able  to 
restart  the  test  sequence  at  the  point  where  a fault  was  identified 
until  all  faults  have  been  isolated  and  then  run  only  one  verifi- 
cation test  sequence  from  the  beginning.  In  the  case  of  the  T-111 
ATT  at  Sacramento  TAG,  confirmation  of  satisfactor)  perform.ince  is 
made  by  running  an  I.RU  in  the  hot  mockup  of  the  Avionics  Integrated 
Support  facility  after  testing  on  the  ATT.  One  piece  of  ATT  which 
seemed  to  be  well  likeil  by  maintenance  personnel  is  the  1505 
test  set  which  uses  a Honeywell  computer  and  is  used  to  fault 
isolate  in  autopilot  and  flight  director  TRIIs  of  the  ti-SA  aircraft. 
This  test  set  is  unique  in  that  it  permits  the  technician  to  inter- 
act with  the  computer  in  the  determination  of  the  locatit)ii  of  a 
fault  in  the  I.RII.  The  1505,  however,  cannot  be  oiH'r.iteil  by  .i  "trained 
monkey";  in  fact,  a full  time  Honeywell  representative  is  emj'loyed  to 
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assist  in  tlio  operation  of  the  model  1505  test  set.  Some  ATI.  is 
used  also  at  the  depot  level.  At  Warner-Roh  i ns  Al.T,  a (Icneral 
Purpose  Analysis  and  Test  System  (t'lPATS)  is  used  hut  the  time 
reipiired  and  the  validity  of  the  results  of  (IPATS  testinjt  arc 
quest ionah Ic . In  the  ease  of  the  APQ-12U  fire  control  system,  the 
(IPATS  test  seipience  of  one  of  the  l.klls  takes  19  hour',  and  a hot 
mockup  test  is  still  required  to  provide  assurance  that  the  I.RII  is 
truly  opertit  ion;i  1 . harrier  Rohins  AI.C  is  having  Westinghouse 
investigate  methods  of  reducing  the  tlPA'l'S  time  for  this  I.RIJ  and  it 
appears  that  the  19  hours  can  be  reduced  to  0 or  7 hours.  The 
e.xccssivc  time  recpiired  to  automatically  isolate  faults  in  the  AP(.J- 
120  is  attributed  to  not  including  adequate  and  appropriate  test 
points  at  the  time  the  APQ  120  was  designed.  Discussions  regarding 
Ail;  made  it  quite  clear  that  ATP.  requirements  must  be  taken  into 
consideration  early  during  the  design  of  avionics  ei|uipment  rather 
than  delaying  consideration  of  ATT  until  the  avionics  design  is 
fixed  and  production  initiated. 

All:  is  supposed  to  minimize  the  training  required  by  the  tech- 
nicians; however,  ATI;  is  also  designed  to  fault  isolate  only  95°o 
of  the  probable  faults  which  may  occur,  liven  if  the  95o  objective 
is  achieved,  and  so  far  it  hasn't  been,  there  remain  the  5‘’o  faults 
which  arc  not  isolated  by  ATI; . Since  LRUs  arc  too  expensive  to 
throw  away,  it  is  necessary  to  train  technicians  to  troubleshoot  and 
apply  deductive  reasoning  to  fault  isolate  those  LRUs  which  defy 
fault  isolation  on  ATI; . This  means  that  comprehensive  technical 
orders  must  be  prepared  even  though  most  of  the  fault  isolation  will 
be  accomplished  on  ATI;,  and  the  only  savings  would  be  in  the  number 
of  copies  of  the  TO  required.  The  initial  technical  orders  for  the 
1-15  avionics  were  prepared  for  use  by  "trained  monkeys"  and  as  such, 
contained  no  schematics  or  other  diagrams.  Since  the  ATI;  for  the 
I'-l.S  is  far  from  being  fully  opcration.il,  there  exists  a reiiuirement 
for  comprehensive  technical  orders  which  would  aid  the  technicians 
in  troubleshooting  LRUs  for  which  the  ATI;  has  not  become  operational. 
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V. 


I KAI)HOI-|-  CON'S  ini.UA  I I ONS 


riu'  pui’poso  of  this  section  is  to  point  out  .ircas  which  rcipiirc 
traileon'  stinlies  either  on  a system  hy  system  basis  or  on  a j;cneric 
basis.  The  intent  is  to  point  out  factors  which  merit  consideration 
in  sucli  studies. 

•\.  H I I , , ajid  Hot  Mockiijis 

One  of  the  most  difficult  and  crucial  set  of  tradeoffs  to  he 
made  for  an  avionics  suite  is  the  one  which  determines  wh.it  the 
metliod  of  fault  detection  and  isolation  will  he.  Should  lUI  be 
uscil?  If  it  is  used,  should  BIT  he  used  only  down  to  the  I.Ull  level, 
or  should  it  extend  down  to  a grouji  of  SRlls  or  to  one  SIUI?  Should 
BIT  he  centralized  (one  I.RII  handling  the  BIT  function  for  all 
avionics)  or  should  each  LRl)  (or  SRH)  have  its  own  BIT  circuitry? 
Should  automatic  test  ecpiipment  he  used  in  the  shops  or  should  hot 
mockups  be  used?  If  automatic  test  equipment  is  used,  should  it 
be  a completely  new  set  of  test  stations  or  should  an  existing  test 
station  or  set  of  stations  be  adapted?  If  ATI;  is  used,  how  flexible 
should  it  be  with  respect  to  ojierator  use  and  with  respect  to  refiro- 
gramming?  Over  all  BIT  and  ATI;  considerations  is  the  question  of  how 
much  should  be  hardwired  and  how  much  should  be  under  software  control. 
The  design  alternatives  are  nearly  endless.  To  decide  among  these 
alternatives,  several  considerations  must  be  borne  in  mind. 

1 . in;r 

first,  test  and  monitoring  functions  to  be  performed  in  flight 
are  likely  to  cost  more  than  the  same  functions  performed  in  the  shop 
or  on  the  flight  line.  I'h  i s is  true  because:  (a)  fewer  co|iies  of  the 
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t' I i i;h  t 1 1 ne  ‘ihop  fi|ii  i ]>nioiit  will  lu'  i rcil  th.in  copifs  of  airborne 

(■(jii  I pmoiit  , (b)  '^hop  or  t' I i t 1 i lu*  Ml  operates  in  more  benii’ii  environ- 
ments tlian  Joes  airborne  equipment,  (e)  s i 7^.  _ wei^lit,  and  eoolinj; 
eonstraints  are  more  relaxeil  tor  sliop  or  flijthtline  equipment  than 
for  airborne  equipment. 

Seeond,  some  test  and  monitorini;  I'unet  ions  must  lie  performed 
in-fliubt  liee.ause  tliese  funetions  involve  safety  of  fliftht  or  arc 
mission  essenti.il.  The  cost  et  fi'ct  i veness  of  incluiluiK  these  functions 
on  board  is  obvious  because  their  failure  produces  a h i j;h  probability 
of  hazard  or  b.c.uisr  the  aircraft  will  not  be  able  to  ;ierform  its  prime 
mi ss i on  . 

Third,  still  other  test  .irul  monitoring  functions  may  be  cost 
effect  ive  if  included  on  bo.ird  the  aircr.ift  because  (al  the>'  pay  for 
themselves  in  reduced  mimliers  of  ineffective  maintenance  actions  by 
detecting  and  isolatinjj  failures  in-flight  wliich  cannot  be  duplic.ited 
on  the  groiiml,  or  (b)  they  turn  out  to  be  cheaper  to  implement  within 
the  airborne  electronics  than  in  a separate  test  sot. 

2 . BIT  Cons  iyl^t'M  i ons 

Once  it  has  been  decided  to  include  a specific  t..  *t  ,ind/or 
monitoring  function  on  board  the  aircraft,  it  is  necessary  to  decide 
how  these  functions  arc  to  be  i mj)  1 ement cd . Cost,  performance  reli- 
ability, maintenance  [thilosophy,  and  technician  skills  must  be  weighed 
ti:  decide  whether  the  most  effective  mode  of  implementation  is  a 
(a)  central  BIT  system  controlled  by  one  I.BU  fed  by  data  from  othei- 
hklls,  (b)  BIT  for  each  affected  I.RII  which  will  isolate  the  fault  to 
one  I.RII  and  no  further,  (c)  BIT  which  will  isolate  the  fault  to  a 
group  of  SRIIs  within  the  I.RIl,  or  (d)  BIT  which  will  isolate  the  fault 
to  «)ne  SRII. 

/MT:  and  Hot  Mockup  Considerations 

a.  Stuq)  vs  flightline  testers.  lunctions  to  l^e  fault  isolated 
on  the  ground  may  be  performed  either  on  the  flightline  or  in  the 
shop.  If  test  eijui(iment  is  designed  to  operate  on  the  flight  line. 
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It  will  m’iu‘r;i  1\'  hr  mufo  cxiu'iisivc  th.iii  ri(U  i [imc-iit  desij;iK'd  to 
opi'nito  in  the  shop.  Ill  i s is  |ir  i m.i  r i 1 y due  to  the  more  siverc 
eiiv  1 rc'niiK'nt  on  tlu’  flight  line  .ind  more  restrielive  eonst  r;i  i nt  s on 
size,  weij;ht,  power  and  ei'oling  for  llij;htline  equipment.  On  the 
other  hand,  flight  I me  test  .sets  may  he  more  effective  than  shop 
test  sets  in  isolating  ]irohlems  sinee  the>  ean  he  iiseil  in, mediately 
after  a mission  with  the  LRUs  in  pl.aee  afioard  the  airyi^ft. 

h.  Hot  Moekiips  vs  ATI,.  Hot  moekiips  generally  proviile  more 
re.ilistie  signal  inputs  than  provided  by  ATI..  fhey  ean  often  lead 
to  isolation  of  intermittent  faults  more  readily  than  XTh . In  the 
hands  of  experienced  technici.ins  they  often  [irovide  faster  fault 
isolation  than  ATT,.  They  require  no  additional  software  costs,  tin 
the  other  hand  .ATT.  gcner.illy  checks  out  etich  section  of  the  '.RH 
systematically.  ATT.  recpiires  less  training  in  its  o[)eration  than 
is  required  for  hot  mockups.  Tor  comiilex  digital  I.RlIs  it  seems  ATT. 
is  the  only  feasible  w.iy  to  effectively  fault  isolate.  Tor  simfiler 
TRIJs,  especially  analog,  the  hot  mockup  may  be  the  more  effective 
method . 

Two  sins  of  the  past  should  not  be  repeated.  first,  whatever 
test  equipment  is  to  he  used  with  a system,  the  system  and  test 
equi[)ment  should  be  designed  to  play  together.  The  aircraft  l.RlIs 
must  be  designed  with  the  method  of  test  t'irmly  in  mind  so  that 
adequate  test  points  are  provided.  The  test  equiimient  must  ju'ovide 
unambiguous  indications  of  which  I.RII  or  SRH  has  failed.  .Second,  it 

i 

should  not  be  assiimod  that  a new  I.RH  or  avionics  suite  necessarilc 
needs  a new  test  system.  Testers  in  use  in  such  wea[)ons  systems  as 
T-15,  T-111,  or  i.  may  well  be  adaptable  to  TRHs  in  new  aircrat't 
or  to  upgraded  avionics  in  existing  aircraft.  The  general  purpose 
computers  or  mi  n i coiiquit  ers  at  tlie  hearts  of  these  systems  sliould  be 
.imcnable  to  reiirogramming  with  minimal  hardwari'  changes.  Ihe  question 
then  becomes  one  of  whi-ther  it  is  cheaper  to  invest  in  software  and 
some  hatalware  to  ailapt  an  existing  tester  to  a new  set  of  I.RUs  or 
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I vslu'ttK'r  it  is  >.hc;i|H'r  to  (lovclop  ;i  coni[i  lot  o 1 > novs  tester  with  its 

.'issoe  i;iteil  software. 

Alsi’  to  he  eoiisiilered  in  tester  design  strategy  is  the  i|iiestion 
of  alloc.it  ion  of  tasks  among  softw.are,  li.i  rdw.i  re , and  technician. 

The  data  to  date  indicates;  (a)  Testers  which  require  little  [virti 
cipation  or  expertise  of  the  tochnici.ins  arc  likely  to  he  e.\['ensive, 
particularly  in  the  original  softw.ire  and  revisions  to  it.  f h i s is 
because  it  is  exceedingly  difficult  to  anticipate  all  failure 
modes  for  a comjilex  LRU,  design  tests  to  detect  the  failures  unambig- 
uously and  keep  up  with  design  ch.anges  to  the  LRU  with  .appropriate 
software  modifications.  (b)  festers  which  use  com])uter  ,atul  technician 
interactive!}  reciuire  more  training  and  skill  of  the  technicians,  but 
may  yield  more  cost-effective  results.  (c)  fhe  cost  of  im])lcmcnt ing 
computational  functions  in  software  is  going  uit  (software  production 
is  much  more  labor  intensive  than  comput.it ional  hardware  production). 

' ' R.  '.umber  of  .'la  i n t ena nee  Tiers 

At  the  base  level  the  basic  ipiestion  is  whether  to  separate 
tcchnici.an  skills  into  those  required  on  the  flight!  inc  versus  those 
skills  reipiircd  in  the  shoji,  or  whether  to  consolidate  the  skills, 
fhe  separ.ation  can  he  one  of  Air  force  Speciality  Code  (Al'SC)  with 
different  sujK'rvisors  for  flightline  anil  sho])  work  within  an  avionics 
subsystem.  Another  possibility  is  to  have  technicians  with  the  same 
A!  .SCs  supervised  by  different  supervisors  depending  on  whether  the 
' technician  works  in  the  shop  or  at  the  flight  line,  but  have  the 

technicians  assigned  to  one  or  tiie  other  areas.  fhe  final  alternative 
( is  to  have  all  technicians  within  a subsystem  shop  juepared  to  work 

either  in  the  shoii  or  at  the  flight  line.  factors  to  be  considered 

f-' 

in  such  a decision  include;  subsystem  complexity,  ease  of  using 
111  T and/or  ALL , cost  of  training  technicians  for  flight  line  only  or 
’ sho[)  only,  versus  cost  ])er  technician  of  training  technicians  to  he 

* I 

^ proficient  at  both  shop  and  flight  line,  number  of  technicians 

I.  reipiired  under  each  concept,  average  technician  dead  time. 
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ah  1 1.'  avt'ratjc  dovvti  time-  jicr  aircraft,  (luality  of  technicians 
and  level  of  repair  philosophy  (e.j;.,  are  SUIIs  to  he  repaired 
at  base  level?).  The  jirohlem  is  only  jiartlv  (piant  i f i ah  I e , and 
many  of  the  factors  i nt  eract , adil  i nj;  to  the  difficulty  of  analysis. 
()ther  thinjis  heint;  equal,  the  fewer  orj;an  i zat  i ona  I divisions,  the 
more  effective  will  he  the  process. 

C.  Reparahle  vs  l.xpendahle  ,SIU)s 

file  (pii'stion  of  whether  it  is  cheaper  to  repair  SRUs  than  to 
throw  them  away  at  the  base  level  has  already  received  some  analysis. 
More  analyses  need  to  he  conducted  to  answer  such  ciuestions  as: 

How  much  does  it  cost  to  pack,  ship,  unpack,  test,  .and  repair 
an  ".iveraije"  .SRII?  Would  personnel  savings  result  if  exiiendable 
SRUs  are  used?  What  arc  the  im\il  icat  ions  for  Al-LC  mantling  and 
stocking  policies?  If  some  of  the  throwaway  SRUs  are  sent  back  for 
failure  analysis,  how  much  docs  this  imp.act  jirojected  savings. 

What  is  the  o[itimum  strategy  for  such  a failure  tuialysis  program? 

It  should  he  noteil  that  if  expendable  SRUs  are  to  he  used,  an 
initial  high  iiuantity  buy  should  he  made  rather  th.an  periodic 
reprocurement.  Such  considerations  also  militate  for  defining 
stand.ard  SRUs  which  can  he  used  in  several  types  of  LRUs. 
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\\.  CONCl.tlS  IONS  AMI  Ul.COMMI.MiAnoNS 


A.  StanJ.ird  1 loctronic  Moilulcji 

1.  lone  I us  i Otis  . I’hc  cost  of  avionics  riia  i ntcnance  could  he 
s i gni f icant ly  reduced  through  i m]irovement  of  equipment  reliability 
and  use  of  a maintenance  concept  wliich  minimizes  the  expenses 
associated  with  test  facilities  and  technician  training.  Ihese 
objectives  were  taken  into  consideration  by  the  Navy  in  the  Standai'd 
Hardware  frogram  (Sill’)  which  has  resulted  in  a library  of  apju'ox- 
imately  _’50  standard  electronic  modules  (Sf.Ms)  and  over  l.Si)(l  S|'-eci:il 
function  riiodules  in  the  s.'ime  packaging  format  as  the  SbMs . A goal 
in  the  SHI’  was  to  m.'iximizc  intra-system  and  inter  system  commonality 
to  achieve  high  us.age  of  a limiteil  number  of  types  of  modules  and 
thereby  benefit  from  cost  savings  normally  realized  with  largo 
volume,  comjietitive  iirocuremcnts . In  order  to  achieve  high  common 
ality,  the  SbMs  resulting  from  SHI’  are  limited  to  relatively  simple 
functions  on  small  modules.  This  leads  to  size  and  weight  penalties 
because  of  the  high  frame  and  interconnect  overhead  which  results 
when  a complex  system  is  implemented  with  a large  number  of  sniall 
modules.  Ihese  penalties  are  com[ioutided  by  the  additional  circuitry 
which  must  be  incorporated  in  the  system  to  achieve  the  B I f capa- 
bility wh i I h enables  maintenance  of  the  equipment  by  relatively 
unskilleil  t i-chn  i c i aiis  using  a minimum  of  test  equipment.  I'he  size 
and  weight  jienalties  associated  with  SI.M  i ni])  1 ement  a t i on  makes  the 
conce[)t  unittractive  for  use  in  avionics  equipment  for  taetical 
aircraft.  The  coiu’cpt  of  ir  i ng  HI  I for  isol.it  ion  to  the  module 
level  is  also  unattractive  for  avionics  because,  with  the  exieption 
of  Al\  A(  S aircr.ift,  aircratt  installation  generally  iirecludes  any 
on  board  replacement  of  internal  comiioneiit  s . However,  the  conven 
ience  of  the  HTI  ma  i nt  en.iiice  coiiciqit  and  the  requirement  for 
stocking  only  a limited  number  of  sp.ire  modules  makes  Sb.M  attractive 
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mr  UM’  in  jirouiul  i qiii  |)nicnt  such  ;is  f'lijjht  simulators  and  automatic 
tc'.t  equipment  where  size  and  weij>ht  arc  not  critical. 

Bet'ore  a i.unclusion  can  he  drawn  with  regard  to  the  cost 
e ft  I c t i veness  of  the  Sl.M  concept,  consideration  must  he  given  to 
life  cycle  cost  (l.tif)  of  an  avionics  system  rather  than  just 
con:'.  1 de  r i ng  the  logistic  support  cost  associated  with  maintenance. 
Recently  completed  hCti  studies  perfornieii  by  .N'orden  and  Battel  le 
l.'olumhus  Laboratories  on  a SL.M  implementation  of  a weather  radar 
(SI:.'1R)  fiiiict  i ona  1 1 y similar  to  the  old  tube-type  .\1’N-.S9B  and  the 
solid-state  .AP.\-59.X  indicate  that  the  high  acipiisition  cost  of  SIMR 
offsets  savings  realized  in  logistic  support  cost.  Table  2 shows 
the  LCC  comparison  of  .SliMR  with  the  AI’N-,S‘JB  and  APN-59X.  Data 
for  the  APS-59B  and  APM-59X  were  extracted  form  "Reliability  Test 
Report,  \P.\-.S9B/.Sol  id  State  APN-.S9X  Radar"  prepared  by  the  Lngi- 
neering  Division  at  W;irner-Rob  i ns  ALC.  L(!C  cost  data  for  SLMR  was 
taken  from  re|)ort  prcqiared  by  Battel  le  Columbus  l.aborator>'  under 
con  trait  with  Al'Al.. 


COST/SYSTLM 

APN-.S9B 
( tube) 

APN-59X 
(solid  state  1 

■ SLMR 
(modular) 

Ai  qii  i s i t i on 

'J8,.S(I() 

$22,1)00 

$70,000 

Ret  rot'i  t 
i list  a 1 1 at  i on 

N/A 

N'/A 

10,000 

L.Si; 

57,200 

8,800 

16,000 

miAl.  LCC 

$65,700 

$.51  ,700 

$1)6,000 

Ttihle  2 

LCC  com|)arison  of  tube,  custom  solid-state,  and  standard 
module  radars  based  on  10-year  oiieration  in  mixed  C- 1 .SS/C- 1 .SO 
fleet  averaging  .Si)  llight  hours/a  i rcra  ft /month  . 
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I'ho  data  clearly  slu>w  that  the  h i };h  loj;istic  support  e >st  (I.SCJ 
of  the  old  tuhe-t>|ie  dominates  the  l.ff  of  this  laidar  aiul 

that  l.sr.  is  significantly  reduced  in  both  the  custom  and  modular 
solid-state  vei'sions.  Of  jiarticular  eonccni,  however,  is  the  high 
acquisition  cost  of  SfMR  which  makes  the  l.Ct!  for  SI. MR  exceed  that 
of  both  the  custom  solid-state  .M’N  SO.X  and  the  old  tube-type  AI'.S-SDB . 
In  another  '^rud>•  for  AlcAI.,  Westinghouse  determineil  that  the  IXiO 
for  an  l--l()  railar  signal  processor  would  he  higher  with  a SliM 
implementation  using  either  lUI’  devices  or  flat  [tack  devices  than 
the  custom  design  using  DIP  devices.  Again,  it  was  found  that  the 
higher  acquisition  cost  for  the  SfM  configuration  outweiglicd  the 
savings  in  I. SC  which  would  he  realized  during  a l5-year  ojierational 
life,  tj-om  the  data  available  at  this  time,  it  must  be  concluded 
that  Sl.M  does  not  offer  savings  in  LCC  of  avionics  systems  even 
though  it  would  reduce  maintenance  exjiensc.  Data  arc  not  available 
on  the  effect  of  SIM  on  the  LtiC  of  ACf.  such  as  flight  simulators 
and  AT/:. 

2.  Recommendations.  It  is  recommended  that  the  U.'C  effect  of 
ShM  on  AGI; , particularly  Al'h,  be  investigated  to  determine  the  cost 
cf  feet  i veness  of  SHM  in  a|ipl  i cat  ions  where  size  and  weight  [icnalties 
can  he  tolerated.  It  is  also  recommended  that  the  factors  affecting 
the  acquisition  cost  of  SI'.M  be  investigated  to  identify  those  which 
arc  dominant  and  to  determine  moans  of  reducing  acquisition  cost 
of  SliM  systems.  A program  for  the  development  of  tcchniipies  for 
low-cost  fabrication  and  test  of  hybrid  circuits  could  benefit  both 
the  cost  and  size  [iroblcms  associated  with  ShMs . I'hc  use  of  hybrid 
circuits  in  .SliMs  would  result  in  more  com|ilex  functions  for  a given 
circuit  area,  thereby  retlucing  the  number  of  modules  required  to 
im[)lcment  a system  atui  reducing  the  size  and  weight  penalty  of  ShMs. 
This  would,  however,  also  reduce  the  inter-system  and  intra-system 
commonality  of  modules  and  the  cost  advantages  of  large  volume 
firocurement s would  be  diminished.  If  means  of  reducing  acquisition 
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(.'.111  bo  i ilont  i ("uhI  , fiirthor  I.SC  rodiictions  could  possibly  bo  made 
tbroiij^h  i nvos  t i j;at  i on  of  ativancod  thermal  environmental  control 
desiipis  wbicli  would  reduce  ilevice  junction  temperatures  to  about 
~S°C  and  result  in  s i j;n  i f i cant  1 y improve<'  module  reliability. 

B.  Automatic  Tc'st  liquipment 

1.  Conclusions.  rrom  observations  of  the  operation  of  auto- 
matic test  equipment,  (All;)  it  is  concluded  that  the  ATI;  now  in  use 
leaves  much  to  be  desired  in  reliability,  sjieed,  and  effectiveness. 

The  All  was  reported  to  have  been  designed  to  be  able  to  fault 
isolate  D-Su  of  the  (irobable  faults  in  a system  but  shop  personnel 
are  of  the  opinoin  that  .SO  to  80  percent  would  more  accurately 
ilescribe  the  performance  of  e.xisting  ATb.  Some  of  the  problems 
can  be  attributed  to  use  of  ATH  on  ecpiipment  which  was  not  initially 
designeil  for  use  with  ATf  and  consequently  test  data  needed  for 
unambiguous  fan  1 1 - i so  1 a t i on  is  not  accessible  in  some  cases. 

There  is  a serious  problem" in  fault  isolating  intermittent  malfunc- 
tions with  ATI-  and  in  some  cases  the  "hot  mockup"  appears  to  be 
SLijierior  to  ATI;  in  fan  1 1 - i so  1 a t i ng  intermittent  [iroblems.  In  addition 
to  technical  deficiencies,  ATT.  has  resulted  in  a morale  problem 
among  technicians.  They  feel  that  ATI;  has  reduced  the  technician  to 
the  trained  monkey  level  and  some  (piestioned  the  wisdom  of  entering 
the  avionics  maintenance  area  as  a career  field.  This  jiroblem  was 
most  [irevalent  among  the  older  technicians  who  had  e.xtensive  hands- 
on  experience  in  fault  isolating  the  older  avionics  equipment  by 
means  of  the  hot  mockup  techniipie.  It  is  doubtful,  however,  that 

these  same  technicians  would  be  able  to  fault  isolate  a modern 
[lioce  of  high  density,  iligital  avionics  ecpiii'ment  by  the  trouble- 
shooting techniques  which  had  been  successful  in  the  past.  The 
younger  technicians  seem  to  be  ea;;er  to  learn  to  use  recently 
developeil  ATI;  arul,  as  the  senior  technicians  retire,  resentment 
toward  the  ATI.  approach  will  |)robably  subside.  It  seems  Iikel>' 
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tluit  , ;is  ATI-  I'omos  inti)  iiiori.'  u i ilosp  read  usage,  aviojiies  ina  i iitenanee 
teelinieians  will  become  equii'nient  operators  and  tlie  only  liighly- 
t ra  1 nod  technicians  I'eipiired  will  he  those  responsible  tor  keeping 
the  Ml  in  o|ierat  iiin . Since  AIT.  will  proh.ahl\-  never  he  lOO'l. 
effective,  a prohleiii  may  devi'lop  in  determining  what  course  of 
action  to  take  in  case  of  eipiipment  which  cannot  he  diagnosed  by 
ATI.  aiul  for  which  no  qii.ilified  technicians  are  available.  If  futur 
AH.  and  I'qiiipment  designs  are  developed  together  so  that  the 
effectiveness  of  All  is  s i gn i f i cant  1 > higher  than  at  iirescnt , it 
ma>-  be  found  to  be  less  exjiensive  on  a l,(X!  basis  to  write  off  some 
avionics  equiimient  ;is  being  not- repa  i rab  1 e rather  than  to  provide 
training  ;ind  facilities  for  a corps  of  advanced  technicians  having 
the  skills  necessary  to  repair  that  small  percentage  of  equipment 
which  would  defy  fault  isolation  on  gooil  AIT. 

2.  Recoinmend.i t i ons  . Probably  one  of  the  most  import;int 
recommendations  with  resiiect  to  the  Al'li  area  is  that  .Al'h  require- 
ments be  given  early  consideration  in  the  design  of  future  systems. 
In  addition  to  early  consideration  to  insure  that  system  design 
and  accessibility  are  compatible  with  Al'h,  experience  gained  in 
the  use  of  All  at  Al.ds  should  be  used  to  provide  both  human  factors 
design  and  technical  feature  inputs  which  may  not  be  recognized 
at  the  system  project  office  level  or  in  a contractors  environment. 
Software  is  and  probably  will  continue  to  be  a problem  with  Al’h. 

In  order  to  have  flexibility  in  the  operation  of  Al'h  and  to  be 
able  to  accommodate  eipiipment  changes  in  a timely  manner,  modular 
software  which  permits  localized  changes  is  recommended.  A program 
for  the  development  of  Modular  Automatic  Test  hquijJinent  (MATIi)  has 
been  initiated  b>'  the  lest  l.qiiipment  (Iroup,  ASD/AliCiT , in  the 
Aeronautical  Systems  Division.  fhe  stated  objectives  of  the  MATI. 
jirogram  are:  (1)  reduction  of  h(T!  of  weapon  system  siipiiort  and  AIT. 

(2)  reduce  [irol i I erat i on  of  dissimiliar  and  expensive  ATh , and 
(.■?)  im|)rove  test  efficii-ncy.  h.mph.isis  of  the  MATi:  concept  is  on 
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niodii  1 ,1 1- i t y uliuii  permits  use  of  husic  MATIi  modules  in  various 
eonf  ii^urat  ions  to  satisfy  multi[ilc  avionics  support  requirements. 
Maximum  use  is  to  be  made  of  off-the-shelf,  commercial,  projjram- 
mahle  instruments  as  the  MA'l'i;  motlules.  These  modules  are  then  to 
he  assemhleil  together  into  the  desired  configuration  for  a parti- 
cular ajiplication  via  a standard  bus  which  is  to  be  identified 
early  in  the  MATT,  jirogram.  Through  use  of  commercial  eipiijiment 
as  matt;  modules  and  a bus  which  is  accc[)ted  by  iiulustry,  a MATT 
system  is  a "living"  system  which  can  be  readily  updateil  as  new- 
generation  instrumentation  becomes  available.  The  primary  imfile- 
rnentat  ion  of  the  MATT,  concept  is  to  be  in  new  avionics  systems', 
however,  it  may  be  applied  to  existing  wea]K)ii  systems  as  oppor- 
tunities present  themselves  tlue  to  upgrading  of  existing  systems 
through  replacement  of  (lortions  with  new- generat i on  components. 

In  the  past,  timing  of  ATT,  development  with  respect  to  the 
weapon  system  acquisition  cycle  has  presented  a serious  dilemma. 
Tarly  ATT  development  has  been  plagued  with  excessive  changes  in 
both  hardware  and  software  in  res|ionsc  to  ecpiijiment  design  changes 
during  equipment  development.  While  delayed  ATT  development 
can  circumvent  this  problem,  it  can  also  result  in  slow  and 
ineffective  faul t - iso  1 at i on  if  the  system  designer  docs  not  ade- 
quately consider  the  testability  of  the  system  aiul  critical  stimuli 
or  measurement  points  are  not  available  to  the  ATli . One  element 
of  the  MATT  program  is  the  development  of  guidelines  to  be  used 
by  equi[)ment  designers  to  insure  compatibility  of  new  equipment 
design  with  the  use  of  ATT,  for  fan  1 1 - i so  la  t i on  at  all  levels  of 
maintenance.  Implementation  of  the  use  of  standardized  guidelines 
for  c(pii|)ment  testability  should  alleviate  the  problems  previously 
experienced  with  A'lTi . 
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(\  l a i lure  Aiial)  sis 

1.  Cone  1 us  ioiiji . Iroin  tliscussions  at  AMSs  aiul  M.Cs,  it 
seems  that  no  one  is  conei'nieil  as  to  why  avionics  enui[inient  fails. 

At  the  intermediate  shop  level,  soitii'  technicians  were  concerned 
about  secondary  damaj;e  observed  as  the  result  of  component  failure 
and  some  had  submitted  suj>j;est  i ons  such  .as  the  installation  of  a 

fuse  to  [irevent  secondary  damaj;e  to  circuit  hoards.  At  Ivarner-  ^ 

Robins  Al.C  there  is  a concern  about  hi}>h  failure  rates  on  specific 

components,  hut  the  concern  is  with  regard  to  running  out  of 

replacement  [larts  rather  than  with  investigating  the  cause  of  the 

fa i lures. 

2.  RecomiiicaKhitjaTiijy.  It  is  recommended  that  action  he  taken 
to  institute  means  of  monitoring  maintenance  actions  at  both  the 
intermediate  level  and  depot  level  for  the  purpose  of  detecting 
high  failure  rate  items  which  may  he  attributable  to  design  defi- 
ciencies or  latent  comiionent  failures.  This  capabilit>-  e-xists  to 
some  degree  in  the  existing  maintenance  data  collection  system; 
however,  it  seems  to  be  used  primari’v  for  cost  accounting  and 

{tarts  justification  ami  not  to  initiate  failure  analysis  action.  1 

I'ailure  analysis  recpiires  more  in-dejith  understanding  than  would  i 

be  ex]iected  of  technicians  at  either  the  intermediate  shoji  level 

or  de{)ot  level  and  would  [trohably  be  best  accomplished  by  engineers  ^ 

at  Rome  Air  Deve I oinnent  Center  (RADC).  The  technicians  would, 

however,  have  to  be  instructed  to  jirovide  more  exjtlicit  technical 

details  of  maintenance  actions  jierformed  than  are  now  rc[)orted 

through  the  maintenance  data  collection  system  so  that  system 

failure  patterns  could  be  more  readily  identified,  laiijihasis  woulil 

have  to  be  [ilaced  on  technical  accuracy  in  re]iorting  and  minimizing 

wording  of  maintenance  data  to  make  the  {lerforming  organization 

"look  good".  lailtire  analysis  by  RADC  is  suggested  since  RADC 

already  has  recognized  ex{)erti.sc  in  the  areas  of  reliability  and 

(ihysics  of  failure  analysis  for  com|)onents,  and  therefore  would 
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to  be  i|ualifieii  to  expand  into  failure  analy.is  at  the  SklJ 
and  I.KII  li'vel.  \n  alternative  wliich  could  be  sujijtested  on  the 
basis  of  [iroximity  to  the  problem,  is  establishment  ol'  a failure 
analysis  orjjaii  i zat  ion  at  an  Al.C  such  as  uithin  the  Avionics 
Division  at  Warner- Uob  i ns  Al,(,'.  A failure  analysis  j;rou|i  would 
not  on  1 > identify  causes  of  failures  and  provide  recommendations 
for  f.td’s  to  correct  the  [iroblcm,  but  also  would  develop  expertise 
in  circuit  testing  which  would  be  used  in  establishment  of 
testability  requirements  for  new  systems  to  be  used  with  Afi; . 

D.  Hie  Iteliahility  Inijirovcinent  Warranty 

fhe  maintenance  concept  described  in  the  jirevious  section 
IS  the  traditional  process  which  was  observed  at  the  several 
avionics  maintenance  stpiadrons  and  dejiots.  An  alternate  maintenance 
process  which  is  coming  into  use  by  the  military  is  to  have 
maintenance  performed  by  the  cipiipment  contractor  iindci'  a Reliability 
Improvement  Warranty  (RIIV*.  While  RIW  is  a relatively  new  concej't 
for  Air  F’orce  avionics  maintenance,  it  is  not  without  precedent, 
since  commercial  airlines  handle  their  avionics  maintenance  in  this 
manner.  A RIW  is  a jH'ocurement  technicpie  which  can  he  used  to 
motivate  contractors  to  design  and  iiroduce  equipment  having  high 
reliability  and  low  maintenance  costs  during  field  operational  use. 
Under  RIW,  the  contractor  is  committed  to  perform  depot-tvqie  repair 
services  at  a fixed  price  for  a specified  duration  of  operating 
time,  calendar  time,  or  combination  of  both.  Although  much  of 
the  ex[)end  i tiires  under  RIW  are  for  repair  services  accomplished, 
the  prime  objective  of  RIW  is  reduction  of  life  cycle  cost  through 
improved  reliability  rather  than  cost  savings  which  may  be  possible 
through  using  contractor  repair  services  in  lieu  of  government  depot 
services.  If  a contractor  is  committeil  to  perform  repair  services 
on  his  delivered  ecpiipment  for  an  extended  period  of  time  at  a 
fixed  price,  he  has  strong  incentive  to  achieve  or  exceed  the 
reliability  level  on  which  the  warranty  price  is  based.  By  directls' 
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ohscrvin^  all  field  failures  .itul  beiujj  responsible  for  repair's, 
the  contractor  can  cpiickly  idiurtify  failure  patterns  and  is  also 
motivated  to  institute  corrective  action  throujjh  engineering 
change  [iroposals  (li(!l’s).  Under  klW,  the  hCI’s  are  rntroduced  at 
no  cost  to  the  government  and  provision  is  made  to  assure  a 
standard  configuration  at  the  end  of  the  warranty  period  by 
requiring  the  contractor  to  install  all  f.CI’s  in  each  unit  that  is 
returned  for  repair  and  to  provide  modification  kits  for  the 
remaining  units. 

In  the  typical  RIW  repair  process,  a suspect  unit  is  testeil 
at  the  organizational  level  by  military  technicians^ and  units  which 
are  indicated  as  defective  are  returnetl  to  the  contractor  for  repair. 
The  hardware  level  to  which  the  warranty  applies  varies  and  must  be 
specified  in  each  procurement.  In  some  cases,  I.KlJs  are  sealed  and 
testing  at  the  intermediate  level  is  limited  to  verification  of  a 
B rrii  indicated  fault  at  the  UtU  level  while  in  other  cases,  the 
warranty  applies  to  the  shop  replaceable  unit  (SKU),  and  fault 
isolation  at  the  intermediate  shop  level  is  the  same  as  with  the 
conventional  maintenance  concept. 

One  problem  observed  at  organizational  level  was  that  B ITl!  is 
often  inadequate  to  accomplish  accurate  fault  isolation  and  that 
many  (.'NDs  were  ex(ierienced  in  resjionding  to  B ITh  indicators.  It 
can  bo  assured  that  under  RIW,  the  contractor  will  also  experience 
some  return  of  good  units  and  incur  costs  in  confirming  operation 
of  these  units.  lo  j^rovide  incentive  for  instituting  corrective 
liCI’s  to  Bill  , an  RIW  procurement  requ  res  the  contractor  to  absorb 
much  of  the  expense  associated  witli  CiNDs.  In  the  interest  of  faii'- 
noss,  however,  the  contractor  is  usually  [irotected  from  gross 
negligence  by  the  operational  organization  in  the  identification 
of  defective  units  by  being  comjiensated  for  processing  (!M>  units 
in  excess  of  a specified  percentage  (usually  2()o-.S0'’ol  of  tot;il 
units  returned. 
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TIk'  rt’i'iiir  of  avionics  ciiu  i piiiotit  at  a central  contractor 
tai.ilit>’  not  only  affords  the  contractor  direct  ohservance  of 
tailure  patterns  in  i mp  1 emeiit  i nj;  corrective  I, Cl’s,  but  also  can 
le.ul  to  till'  development  of  a h i j;h  level  of  expertise  for  repair 
ot  the  equipment.  IVe  ivere  advised  by  some  intermediate  shop 
I'l-rsonnel  that  the  hi)th  reliability  of  newer  avionics  equiiiment 
li.ul  ;in  adverse  effect  upon  the  proficiency  of  maintenance  tech- 
nii  lans  bec.iiise  of  the  few  experience  opportunities  resulting; 
from  low  failure  rates.  The  personnel  turn-over  rate  is  also 
>;enerally  hij;her  in  a military  maintenance  organization  than  at 
.1  contractor's  facility  and  this  further  .aggravates  tiie  problem 
of  m.iintaining  technical  proficiency  for  rejia  i r of  avionics 
equipment  at  the  intermediate  shop  level. 

Current  procurements  include  the  AK\-118  TAC.A.N  set  which 
is  being  [irocured  for  use  in  several  aircraft,  a new  inertial 
navigation  set  (l.NS)  for  the  C-141  aircraft,  and  IN.S  for  the  l-lb 
a 1 rc  ra  ft  . 

There  is  no  standard  KIlv  [irociirement  since  there  arc  many 
variables  to  be  considered  with  KllV.  One  area  to  be  considered 
under  ItllV  is  the  determination  of  the  applicability  of  the  warrant)' 
provisions.  The  exclusions  under  RIK  are  generally  (ueccs  of 
equipment  which  are  lost  or  inoperative  due  to  mishandling,  fire, 
flood,  ex|)losion,  crash,  tampering  or  combat  action.  fhe  repair 
of  equipment  which  is  excluded  under  Rliv  may  be  acconij)!  i shed  at  a 
Ciovernment  depot  such  as  IVa  rner-Rob  i ns  AhC  (as  in  the  case  with  the 
AR.\-118)  or  by  a contractor  under  a sefiaratc  cont r.ictua  1 agreement. 

The  warranty  period  is  a key  parameter  in  RIIV  procurements. 

The  warranty  period  may  be  s[iecified  in  terms  of  siiecified  number 
of  months  after  accejitance  or  in  terms  of  total  number  of  operating 
hours  for  all  the  units.  In  the  case  of  the  AR.N-118  TAti.A.N , the 
warranty  period  is  (>0  months  after  acceptance  of  the  first  unit. 

Ihe  warranty  period  for  the  (.'-Ml  IN.S  is  48  months,  and  for  the 
l-K)  INS,  the  warranty  period  is  48  months  or  300,000  flying  hours. 


Some  RIK  procuri'niont  s jirovido  for  o]ition.il  oxlonsion  of  t)io 
uiirr.inty  period.  Ohsorv  ,il  i ons  made  while  tourim;  ma  i iit  ciwancc 
squadrons  indicate  that  a\iot)ics  ei|ui]inient  is  usetl  for  l.a-20 
years  ami  tliat  maintenance  coverage  beyond  the  initial  4 or 
year  period  is  essential  to  the  operatiotial  re.  diness  of  the 
•Air  lorce. 

Ilie  hanhsare  level  to  which  the  warranty  ajiplies  also  varies 
under  RIW  and  must  be  sjiecified  for  the  particular  cqui['ment. 

In  the  case  of  the  \R\-11X  TAfA.N,  the  I.klls  are  sealed  and  the 
warranty  applies  to  the  I.RI).  In  tlie  case  of  the  C-lll  l.NS,  the 
warranty  applies  to  the  SRU,  if  the  SRII  is  removed  and  replaced 
by  the  government.  Tlie  warrant)'  ap[ilies  to  the  module  level  in 
the  case  of  the  I'- In  l.\S  if  removal  .and  replacement  of  the  module 
is  accomplished  by  the  government. 

failure  verification  iiroccdures  must  be  established  under 
the  terms  of  the  contract.  Iileally,  lUTIi  would  provide  failure 
indication  and  no  intermediate  shop  test  ecpiipmcnt  would  be  recpiircd. 
In  the  case  of  the  ARN-118  and  the  f-lb  IN.S,  failures  arc  verified 
by  the  government,  us i ng  a hot  mockup  in  the  intermediate  shop  in  a 
manner  similar  to  the  traditional  maintenance  operation  oliserved 
at  several  .\MSs  . .No  fan  1 1- i so  1 ,a  t i on  testing  or  tamjicring  with 
the  scaled  I.RII  is  ])ermitted  under  the  RIW  agreement  on  the  ARN-118 
TACAN.  I'lie  failure  data  is  recorded  on  an  .M'TO  Form  .850  ;ind  the 
ARN-118  is  returned  to  the  contractor  for  repair.  In  the  case  of 
the  F-l()  IN.S,  fault  isolation  to  the  module  level  is  accomplished 
by  the  government.  Under  the  C-14I  and  1-lb  INS  contracts,  all 
returned  m.'itcrial  is  the  contractor's  obligation  while  in  the  case 
of  the  Alt-N-118,  the  contr.'ictor  is  given  some  cons  i der;i t i on  for 
returned  material  which  tests  OK  when  received  from  the  government. 

A retest  OK  fRTOK)  rate  of  .SOI.  must  be  ;icce|ited  without  compens.a- 
tion,  but  .any  ailditional  non-verified  failures  result  in  a charge 
to  the  government  of  $100  per  unit. 
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TIk'  nic'.itt  tiiiH'  hftvvt'i'ii  f.iiluri's  (MIIU-)  atui  i.  p li  r tin'll  .irouiul 
t I mi'  tor  till'  t'i|ii  i pnicnt  arc  koy  ]iaranu'ters  in  dctormi  iiar  ion  of  tlio 
oporat iona 1 availability  of  equipment  and  tliosf  parameters  nmst 
be  specified  in  R I IV  jiroeiirements . I'he  details  of  method  of 
measurement  and  measurement  period  for  tliose  parameters  var\'  and 
must  be  s|’eei  fil'd  in  tlie  contract.  A related  parameter  is  the 
number  of  sp.ires  provided  ;ind  the  determination  of  d;ima>>es  for 
delays  in  delivery  of  spares.  Tlie  turn-around  time  allowed  for 
the  AKN-IUS  is  IS  days  while  in  the  case  of  the  i-l(i  INS,  it  is 
JJ  days.  Penalties  are  imposed  in  both  c.'ises  for  failure  to  meet 
the  sjiecified  turn-around  time.  Under  Rllv,  the  jicnalty  for  not 
mei'ting  turn-around  time  reipii  rements  may  be  either  a specified 
dollar  amount  per  day  or  the  contractor  may  be  required  to  furnish 
"loaner"  s[iares  as  necess.ary  to  achieve  the  rcipii  red  operational 
ava i 1 ah i 1 i ty . 

I'here  is  little  question  that  RllV  offers  a great  potential 
for  imjiroving  reliability  and  reducing  life  cycle  costs  for 
avionics  equipment.  Although  there  has  hecn  limited  e.xperience 
with  long  term  warranties  in  the  militari',  the  experience  has  been 
generally  favorable.  It  is  recommended  that  current  military  RIU 
[irograms  be  closely  monitored  to  evaluate  their  success  and  jirovide 
recommendations  for  future  RIW  iirocurement  s . The  develo[inient  of 
standard  terms  and  conditions  applicable  to  various  warranty  plans 
and  equipment  tv[ies  would  aid  in  implementation  of  future  RIW 
procurements . 

lor  further  information  on  RIW,  the  I'cader  is  referred  to  the 
following  sources; i 

1.  II.  Bal.iban  and  Ma  jor  f . N'ohmer,  "Warranty  Procurement  - 

A Case  History",  Proceedings,  197,'i  .Annual  Reliability  and  Maintain- 
ability ■Symposium,  W;ish  i ngton , IHi,  .lanuary  I97.‘i. 

2.  II.  Balaban  and  B.  Rettcrer,  The  l^se  of  Warranties  for 
Hefense  Avionics  Procurement,  RAIK!  rR-7.A-219,  .lune  l'.)7.v. 


t 


5.  C.  K.  Kiiifjlit  , "W.iff.int  ios  as  a Life  Cycle  (lost  Management 
Tool",  L ASTON  '74,  Wasliington,  I>C,  October  1971. 

4.  IISAH  Directorate  of  I’rocurement  Policy,  Interim  Go  i de  1 i 
Reliahilit)’  I ii^mivement  harrant^  (RI]V),  .July  1971. 

5.  II.  S.  Balahan,  (iu  i ile  1 i ties  for  App  1 i ca  t i on  of  IVarr.injOes 
to  .\  i r I-  o rc  e P.  I ec  t roii  i c Systems,  RAIKi  TR-7(>-.S2,  March  197(). 
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• UMHAMt  Of  ACTION  OrriCKM  ANO  aWAOf  #VA4»04.  ^MOSt 

L’SAF  AKAI./DH  5291  1 ^-mh 

• o»j«cT  Trip  Report  for  Trips  to  Kincheloe  AFB,  MI 
and  (.rtssom  AIR.  I.N' 


■Host  iTV^ltT't  INIT.  i»U»^tH»l  OAT| 


4 March  1976 


Travelers:  Major  P.  R.  Owens,  Mr.  M.  R.  St.  lohn,  and  Mr.  F.  D.  I.amb 

Objective:  To  gather  data  for  the  Avionics  .Maintenance  Study. 

Dates  and  Places  Visited:  23-24  Feb  76,  Kincheloe  AFB,  MI 

26-27  Feb  76  Orissom  AFB,  IN 

Organizations  covered  in  the  interviews:  449  Avionics  Maintenance  Squadron,  449  BW 

(SAC).  Maj  .1.  F..  Chestnut,  Squadron  Cmdr, 
Kincheloe 

305  Avionics  Maintenance  S(;uadron;  305  Air 
Refueling  Wing  (SAC),  Maj  C.  Miller, 
Squadron  Cmdr  - Crissom 

Aircraft  .Maintained:  B-52H  (Kincheloe) 

KC-135  (Kincheloe  and  Crissom) 

F.C-135  (Crissom) 

Discussion : 


1.  Age  of  the  Systems.  .Most  KC-135  and  B-52  avionics  is  over  20  years  old.  Electro 
mechanical  parts  are  wearing  out  in  such  systems  as  Inertial  navigation  equipment 
and  mechanically  scanned  antennas.  The  electronics  technology  is  almost  exclusively 
vacuum  tube  with  only  a few  upgraded  LRUs  having  discrete  solid  state  components; 
almost  no  ICs  used  (we  remember  only  one  LRU  using  DIPS).  We  except  the  F.C-135 

Post  Attack  Command  and  Control  System  electronics,  which  was  more  modern.  Several 
technicians  in  several  shops  commented  th.it  one  of  the  more  frequent  causes  of  sub- 
system failure  Is  old,  brittle  wiring.  With  minor  exceptions  those  LRUs  which 
had  more  modern  technology  were  viewed  with  great  favor  by  the  technicians. 

2.  Parts  Availability.  As  might  be  expected  with  a fairly  old  system,  parts 
availability  is  a problem  with  several  of  the  subsystems.  Some  of  the  subsystems 
were  designed  using  fairly  standard  and  still  plentiful  vacuum  tubes,  but  others 
used  special  tubes  or  subsystem  unique  components.  On  such  subsystems  parts  costs 
have  bp€?n  rising  rapidly  in  recent  years.  The  travelers  expect  to  check  with  AFI.C 
on  the  extensiveness  of  tlie  reprocurement  problem.  The  B-52  has  more  parts  problems 
than  the  KC-135,  being  older  and  Iiaving  more  electronics.  Some  cases  were  reported 
of  having  to  send  to  salvage  an  I.RU  hec.ause  of  lack  ol  one  component  or  SRU.  This 
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happens  because  of  tlie  way  in  which  the  sui>ply  system  operates.  l^^len  the 
unit  was  sent  to  salvage  the  pood  part.s  were  generally  stripped  and  replaced 
with  failed  p.irts. 

4.  M.i  intenanci.'  Concepts  Kmployed. 

a.  Two  Tier  Structure.  Both  ongan  i 7.a.t  ions  were  enmeshed  in  an  essentially 
2-tiei  maintenance  structure.  Very  little  on  aircraft  maintenance  was  accom- 
plished other  than  removal  and  replacement  of  LRUs,  some  instrument  adjustments, 
and  some  mechanical  adjustments  such  as  boresighting  antennas.  The  LRUs  were 
removed  by  teams  (generally  two-man)  from  tlie  same  sliop  to  which  they  were 
taken  i or  troubleshooting  and  repair.  At  Kincheloe  the  various  shops  generally 
split  their  people  into  those  who  did  the  remove  and  replace  on  the  flightline 
(generally  recjuiring  less  skill)  and  those  who  isolated  and  replaced  failed 
comjionents  or  SRUs  within  the  LRUs.  At  Grissom  the  manning  was  not  considered 
sufficient  to  split  out  the  technicians  in  this  way,  so  people  worked  both 

on  the  flightline  and  in  the  shop. 

b.  Tail  Lumber  Scheduling.  Tail  number  scheduling  was  used  exclusively. 

It  was  felt  that  this  [iractice  generated  a lot  of  cannabal izat ion  actions 
which  cost  more  than  double  in  remove  and  replace  time  because  of  the  extra 
documentation  required.  I'eople  questioned  felt  that  tail  number  scheduling 
was  the  only  way  to  go;  howi'Ver,  to  keep  the  general  quality  of  the  aircraft 
assigned  at  an  acceptable  level  of  ttaiiness,  it  was  asserted  that  without  this 
practice  a few  good  aircraft  would  fly  the  majority  of  the  hours  in  each 
months  schedule  and  "liangar  queens"  would  proliferate.  These  opinions  were 
based  on  previous  experience  in  commands  which  didn't  use  tail  number 
scheduling. 

c.  On-base  Repair.  Opinions  regarding  maintenance  of  LRUs  not  authorized 
on-base  repair  varied  on  .1  case  by  case  basis.  In  some  cases  tl>e  opinion 

was  that  on-base  repair  was  possible  with  the  equipment  ana  people  on  hand. 

In  other  cases  the  opinion  was  that  either  with  more  people  or  more  equipment 
repair  could  better  be  accomplished  at  base  level.  In  still  other  cases  it 
was  felt  that  the  equipment /manni ng  addition  required  would  be  too  great  at 
base  level  to  make  on-base  repair  cost-effective. 

d.  Hot  Mock-ups.  Hot  mock-ups  were  used  throughout  the  shops.  The  only 
automated  moC-k-up  seen  was  the  one  being  installed  for  the  TVS  (which  wasn't 
yet  installed  on  Kincheloe's  aircraft).  Very  few  other  mock-ups  had  rudi- 
mentary automated  parts.  Most  were  racks  or  benches  with  standard  or  special 
measurement  gear,  often  built  up  on  base  to  weapon  system  specification.  The 
level  of  stimulus  simulation  was  unsophisticated.  No  provisions  were  made  for 
introducing  spikes  on  the  power  or  data  lines  simulating  switching  on  the 
aircraft.  Th<‘  nearest  thing  to  this  which  was  available  was  the  MAHREC  on  the 
B-52s  which  was  a multichannel  recorder  for  several  of  the  systems.  Technicians 
could  check  this  history  for  the  flight  to  see  if  malfunctions  occurred  at 

the  time  of  line  spikes.  Interaction  between  systems  was  not  well  simulated  - 
judging  by  teclinlclans' conmients . ftu're  also  was  no  environmental  simulation. 

e.  Fllghtllne  AGE.  There  is  no  flight  line  avionics  AGE  for  the  KC-135  or 
B-52.  Technicians  will  carry  multimeters  or  osc 1 1 loscop ics  or  other  general 
purpose  test  equipment  with  them  when  necessary,  but  there  is  no  equipment 

In  place. 
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1.  PhasL’d  Inspections.  liutli  aircratt  undeino  pliased  maintenance  inspection 
based  on  tlio  number  of  flying  hours.  Kxcept  for  desiccant  clianges  and  a 
few  e feet romeclian tea  1 inspect  ions,  no  avionics  maintenance  is  performed  in 
tlie  course  of  these  inspections. 

A.  Depot  Support.  Policy  seems  to  dilter  locally  as  to  how  mvtch  access 
the  shop  chief  has  to  the  Item  Manager  in  APhC.  In  some  cases  there  was 
good  rapport  and  in  others  almost  no  rapport.  There  was  some  opinion  that 
the  quality  of  both  depot  organic  and  depot  contractual  work  quality  was 
declining,  but  this  was  by  no  means  unanimous.  There  were  also  reports 
that  budget  cuts  have  forced  elimination  of  some  quality  control  inspections 
at  depot  level.  Team  members  intend  to  follow  up  on  this  iterft.  ' 

5.  Manning.  Generally  people  complained  about  not  having  enough  people 
to  do  the  job.  This  situation  was  not  uniform;  liowever,  some  shops  had 
received  manning  increases.  Generally  though, there  have  been  manning  cuts 
within  the  squadrons  and  more  are  projected  for  the  coming  summer.  In 
several  instances  we  found  senior  NGOs  retiring  at  or  shortly  after  the 
20-year  point.  Projected  replacements  did  not  fill  projected  losses. 

The  people  questioned  said  there  had  been  no  perceptible  decrease  in  flving 
hours  but  that  there  might  have  been  an  increase.  This,  comb ined  with  the 
aging  weapons  systems  themselves,  added  up  to  a projected  increase  in  workload. 

In  some  cases  changes  had  been  instituted  to  cut  manning  requirements 
but  the  manning  had  been  reduced  before  the  initiated  changes  could  bear 
fruit.  Most  technicians  were  5-level  Incoming.  3-level  technicians  seem 
to  get  trained  up  in  short  order.  There  were  generally  about  two  7-level 
people  to  a shop,  but  this  varied.  There  was  usually  a two-shift  operation 
in  force,  0730-1630  and  1600-2400. 

6.  Inspections.  At  Grissom  tlie  AMS  people  weren't  botiiered  about  inspections 
at  all.  The  last  OKI  left  them  witli  a rare  Excellent  rating  rather  tlian  the 
usual  Satisfactory.  At  KIncheloe  feelings  were  mixed.  Receiving  partic- 
ularly vehement  criticism  was  the  Maintenance  Standardization  and  Evaluation 
Team  (MSET) . The  MSET,  many  shop  chiefs  and  technicians  felt  was  more 
concerned  with  cosmetics  than  actual  maintenance  problems.  There  were 
several  reports  of  equipment  which  MSET  had  written  up  for  superficial 
reason  and  not  for  failing  to  perform.  Replacement  of  these  items  was 
costly  and  unnecessary  as  far  as  the  people  in  the  shops  were  concerned. 

There  was  much  more  evidence  of  the  usual  running  battle  which  usually 
exists  between  the  line  troops  and  the  inspectors.  This  also  was  reflected 

in  the  "average"  attitudes  of  the  people  in  the  two  squadrons.  The  people 
at  Grissom  seemed  much  more  open  and  relaxed  when  they  talked  to  us.  It 
seemed  a much  happier  place. 

7.  Training  and  Personnel  Quality.  There  were  mixed  reports  about  the 
quality  of  technical  training  received  by  the  incoming  technicians. 

Some  shop  chiefs  thought  It  was  declining,  while  others  thought  not. 

Evidently  some  self-paced  training  Is  now  being  used  in  tech  school  and 
this  has  advantages  and  disadvantages.  Generally  the  feeling  was  that 
for  a four-year  first-term  enlistee  only  about  one  to  two  good  years  of 
work  can  be  had  from  him.  Six  year  enlistments  are  presently  being  tried 
and  we  received  varying  reports  of  the  effectiveness  of  this  method.  There 
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was  general  consensus  that  the  elimination  of  the  draft  has  not 
decreased  the  quality  of  tiu’  avi('nics  maintenance  technicians  coming 
in  to  these  two  squadrons.  Consensus  also  was  that  avionics  people 
are  generally  higher  than  average  quality. 

8.  Effect  of  Seasonal  Changes  on  Systems.  There  was  a consensus  that 
during  the  spring  and  fall  is  when  the  heaviest  workloads  ocedr.  These 
are  times  of  fluctuating  temperatures.  Wlien  the  cold  (or  hot)  weather 
comes  to  stay,  the  systems  settle  down  and  run  better. 

9.  Information  Work  and  Documentation  Flow.  Except  on  rare  occasions 
equipment  malfunctions  are  discovered  by  the  aircrew  during  flight. 

Squawks  are  written  up  on  the  crew's  debriefing  form.  It  is  usual  for  the 
command  post  to  receive  an  abreviated  malfunction  code,  relay  it  to  job 
control  which  notifies  the  squadron  which  notifies  the  shop.  The  shop 
then  sends  a representative  to  the  debriefing.  If  there  is  any  doubt 
about  the  write-up,  the  shop  representative  questions  the  crew  members 
until  he  feels  he  has  sufficient  information  to  go  to  the  aircraft  and 
isolate  the  LRU.  The  maintenance  team  then  goes  to  the  aircraft  and 
tries  to  duplicate  the  malfunction  on  the  aircraft.  If  the  malfunction 
cannot  be  duplicated,  the  technician  can 

a.  Write  up  a "cannot  duplicate"  on  the  work  order  form,  AFTO  Form 

349. 

b.  Make  a minor  adjustment  and  record  it  on  the  form. 

c.  Pull  the  m.ost  likely  LRU  and  take  it  back  to  the  shop  for  bench 
check. 

If  the  malfunction  can  be  duplicated,  the  technicians  pull  the  appropriate 
LRU.  Once  an  LRU  is  removed,  it  is  tagged  with  an  AFTO  Form  350,  which 
contains  a write-up  of  the  malfunction  transcribed  from  the  AFTO  Form  349 
and  more  detail  if  It  is  available. 

Manhours  expended  and  action  taken  are  recorded  on  the  AFTO  349  and 
provide  the  Inputs  to  the  .Maintenance  Data  Collection  System.  The  AFTO 
Form  350  stays  with  the  LRU  if  it  goes  to  depot.  Once  at  the  shop  the  LRU 
is  checked  out  further.  If  it  is  reparable  on  base,  it  is  repaired  if 
parts  are  available.  If  parts  aren't  available,  they  are  ordered,  or 
the  next  higher  assembly  to  the  failed  component  is  ordered,  or  both. 

If  the  unit  is  not  reparable  on  base,  it  is  crated  and  shipped  to  depot. 

10.  .lob  Control.  The  nerve  center  of  the  maintenance  operation  is  Job 
Control.  It  has  one  representative  from  the  avionics  maintenance  squadron 
to  dispatch  avionics  technicians  from  the  various  avionics  sliops  to 
debriefings  and  on  aircraft  maintenance.  It  was  located  in  the  s.ame 
building  as  the  AMS  at  Klnclieloe  and  in  an  adjacent  building  at  Crissom. 
Job  Control  .ilso  prioritizes  aircraft  to  be  worked  on. 
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11.  I inu>  Account  i np,.  SAC  is  using  a modified  exception  time  accounting 
system  which  one  of  the  NC:Os  In  Analysis  thought  didn't  accurately  reflect 
how  time  is  spent  on  such  things  .as  telephone  alert  at  home  and  sitting 

in  the  "Kedball"  truck  which  is  ready  to  m.ike  last  minute  repairs  to 
aircraft  ready  to  fly. 

12.  Cost  Accoimting.  Almost  without  exception  the  people  in  both 
squ.idrons  were  extremely  cost  conscious  with  respect  to  parts  and  equipment 
costs.  There  is  a monthly  report  which  makes  these  costs  highly  visible. 

Nobody  is  very  conscious,  however,  of  the  manpower  costs  involved  in 
doing  a job  one  way  as  opposed  to  another.  Military  are  treated  as  a 
fr.;e, albeit  1 imi  ted^  resource.  Their  salary  does  not  come  out  of  the 
squadrons'  yearly  budget.  The  Commander  at  Grissom  said  industrial 
funding  would  just  make  his  job  harder  and  he  was  not  for  it.  Everyone 

in  the  squadrons  implicitlv  depends  on  the  cost-henefit  analysis  having 
been  carrit'd  out  at  higher  level  and  the  results  being  implemented  by 
policy.  .Management  takes  place  within  those  constraints. 

13.  Maintenance  Data  Feedback.  There  seems  to  be  little  return  to  the 
nuiintenance  technician,  shop,  or  squadron  on  their  investment  of  time 
in  filling  out  the  AETO  Forms  349.  Any  benefits  m.ust  accrue  at  higher 
levels . 

14.  Housekeeping.  U'e  found  the  shops  in  what  we  would  consider  inspection 
condition.  If  there  are  junkdrawers  or  miscellaneous  parts  lying  around, 
they  must  have,  been  hidden  at  home  or  in  lockers.  The  labeling  is  as 
extensive  as  that  shown  in  the  Equipment  Tiger  Team  slides.  A lot  of 
manhours  must  have  been  invested,  but  the  lack  of  unnecessary  spare  parts 
must  have  helped  the  supply  system  budgets.  This  "lean"  system  seems 

to  be  working  fairly  well.  The  parts  availability  problem  seems  to  be 
caused  more  by  the  age  of  the  subsystems  than  by  inefficiency  In  the 
supply  system. 

15.  Al’N-59  radar.  At  Grissom  this  was  the  radar  shop's  biggest  headache. 

It  was  also  considered  a dog  by  the  shop  at  Kincheloe  which  also  handled 
B-52  radars.  They  would  love  to  have  any  kind  of  fairly  modern  replacement. 

16.  On-aircraft  Avionics  Accessibility.  Most  of  the  KC-135's  avionics 
is  readily  accessible  and  working  space  is  quite  adequate.  The  B-52  on 
the  other  hand  is  really  packed.  Most  of  the  B-52's  avionics  is  removed 
inside  the  aircraft  and  there  is  precious  little  work  space.  In  addition, 
it  sits  fairly  high  off  the  ground  further  complicating  access.  The  fire 
control  radar  up  in  the  tail  section  is  a real  bear  to  got  at  and  work  on, 
especi.illy  on  a subzero  windy  night. 

17.  Observations.  We  are  amazed  that  such  ancient  systems,  from  an  electronics 
viewpoint,  work  as  well  as  they  do.  The  maintenance  problems  are  increasing 

as  the  system  ages.  The  problems  are  those  typical  of  an  old,  non-automated 
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system.  We  expect  the  modern  automated  systems  to  have  their  own  set 
of  problems.  The  people  seem  highly  professional  and  dedicated  to  doing 
tlie  best  they  can  with  what  they  have  to  work  with.  There  was  a fair 
amount  of  frustration  evident  with  the  "system"  but  there  were  quite 
a few  people  both  junior  and  senior  who  were  downright  enthusiastic, 
about  their  jobs.  Kverybody  seemed  to  really  care  about  the  quality 
of  work  turned  out  and  to  be  interested  in  improving  the  system.  We 
were  impressed  even  when  we  discounted  the  probability  that  we.  were 
being  treated  as  visiting  firemen. 
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APPENDIX  H 


AI-AI./DH  5Ay98 


I rip  Report  - Homestead  AKB,  I'l. 


fS  April  1976 


iravelers:  MaJ  P.  K.  Owens,  Mr.  M.  R.  St.  dohn 

Objective:  To  collect  data  for  the  Avionics  Maintenance  Study 

Dates  and  Places:  11-12  Mar  76 

31st  /\MS,  Homestead  Al'B,  FI. 

I.t  Ool  Clack,  Commander 

Aircraft  Maintained:  F-9E 

Discussion : 


1.  Age  of  the  system.  The  F-4E  is  a fighter  wliicli  dates  from  the  early  l<i60s.  Much 
of  tlte  avionics  is  discrete  semiconductors  altliougli  there  were  some  l.RFs  using  tubes 
and  a few  LRl's  housing  SST. 

2.  Parts  availability.  As  with  the  rest  of  the  places  we  visited,  parts  availability 
Is  a problem.  Since  tiie  F-4E  is  a fairly  modern  mainline  weapon  system,  the  reason 
must  be  inadequate  stocking  or  procurement  of  spares  brought  on  by  low  budgets. 

3.  .Maintenance  Concepts  Employed 

a.  Two  tier  structure'.  Again  we  found  an  essentially  two  tier  structure.  By 
this  we  mean  one  tier  at  b.ise  level,  combining  botli  flightline  and  base  sliop,  and 
one  tier  at  depot  level. 

b.  Tail  number  sclieduling.  TAC  Is  also  using  tall  number  scliedul  ing.  Opinions 
again  varied  on  the  value  of  the  system. 

c.  On-base  repair.  Several  people  in  some  of  tlie  stiops  were  not  hapj'y  with  the 
level  of  repair  .lut  iior  i zed . They  felt  tliey  were  doing  work  wliich  could  only  be 
accomplished  properly  at  depot. 

d.  Hot  Mock-ups.  Hot  mockups  were  again  the  method  used  for  isolating  faults  in 
removed  I.RUs.  These  mock-ups  were  again  fairly  unsophisticated  equipment  having  no 
ability  to  simulate  spikes  on  the  power  bus  or  ;iny  effects  due  to  enrironment. 
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f.  Klij’htliiU'  Af^E.  MohL  sliops  carry  out  only  simple  Lest  gear  to  tlie  liiu-. 

Tile  calibration  etiulpment  tor  calibrating  the  Weapons  Control  System  fWCS)  radar 
is  on  the  line  in  a nose  dock.  It  is  computer  controlled  though  manually 
.tdvanced  through  its  steps.  The  calibration  process  is  very  time  consuming. 

I.  I’hased  Inspections.  Again,  with  the  exception  of  KCM  pods^no  avionics 
was  included  in  the  phased  inspections  of  tlie  aircraft. 

4.  Uepot  .Support.  Shop  chiefs  seemeil  to  talk  rather  frequently  with  their  I tern 
.Managers  in  AIT.C.  Again  we  had  reports  of  a fall-off  in  the  quality  of  depot  work. 

5.  Manning.  With  the  exception  of  the  Weapons  Control  Svstems  shops  seemed 
.adequately  manned.  The  WCS,  however,  was  in  deep  trouble.  Two  senior  NCOs  were 
retiring  in  the  summer  and  there  were  no  new  senior  N'COs  scheduled  in.  WCS 

manning  seems  t.  be  a real  problem  across  TAC  except  for  two  bases  where_,with  adequate 
manning^  they  have  proved  that  WCS  can  be  maintained.  Since  there  is  very  littl<‘ 
cross-training  between  shops,  no  end  to  the  problem  is  in  sight.  This  shop  is 
being  worked  to  death.  There  was  two-shift  operation  with  shifts  flexible  and 
geared  to  the  flying  schedule. 

A.  Inspections.  Opinion  was  expirossed  that  MSVT  (Maintenance  Standardization 
and  Evaluation  feam)  has  outlived  its  usefulness.  It  evidently  served  a real 
purpose  when  instituti'd  back  in  the  early  bO's.  Shops  varied  widely  and 
unnecessarily  from  base  to  base.  Now,  however,  the  opinion  was  expressed 
the  .MSET  ties  up  too  much  skill  in  the  senior  N'COs  on  the  teams.  These  skills 
could  better  be  used  in  the  field. 

7.  Training  and  Personnel  finality.  Many  complaints  wore  voiced  about  the  (juality 
of  technical  school  training  being  exhibited  by  new  recruits.  Almost  unanimous  was 
the  opinion  by  shop  chiefs  that  personnel  quality  was  declining.  We  heard  that 
several  senior  NCOs  were  retiring  earlier  than  they  might  have  h.ad  working  conditions 
been  more  favorable.  Recruits  were  evidently  not  being  extensively  trained  on  the 
equipment  with  which  they  would  work  and  not  receiving  as  much  in  the  fundamentals 

ol  electronics  as  had  been  the  case  previou.sly.  Shop  chiefs  again  said  that  the 
new  people  didn't  get  much  time  in  tech  school  with  test  etjuipment  such  as  scopes 
and  multimeters.  Training  t imi'  to  move  from  the  T-levol  to  the  5-leveI  w.is  at 
least  6 months. 

8.  Eilects  of  Seasonal  Ch.inges  on  Systems.  Since  there  is  no  winter-summer 
gr.idient  at  Homestead,  there  were  no  associated  effects.  There  was  a change  between 
the  "rainy"  and  "dry"  seasons,  however.  Particularly  noted  was  the  ratlio  problem 

in  the  rainy  season.  The  hack  seat  canopy  rails  let  water  run  off  and  drii>  onto 
the  radios  which  sit  under  the  back  seat.  This  causes  frequent  necessity  to  pull 
the  back  seat  and  remove  the  radio. 

y.  Maintenimce  Data  I'eedback.  Very  little,  if  any^  of  the  data  input  to  the  system 
by  the  sliops  comes  back  to  help  the  people  in  the  shops.  Again,  the  data  must  be 
u.sed  at  higher  echelons  or  In  AKhC. 


10.  Wtai>ons  lamtrol  Syst€‘m  (WCS).  Ihf  AI’Q-120  radar  and  i t .s  ass(n;iate<l  proci-ss  iuR 
equ  i[)nifiU  art'  the  higKt'st  prohlom  subsystem.  The  manning  problem  was  referred  to 
in  para  f).  AiiPther  piecf  ol  the  problem  with  W(!S  revolves  around  calibration. 

The  307  test  set  used  for  calibration  is  advanced  through  go,  no-go  tests  and  requires 
manual  action  to  correct  no  goes.  The  process  takes  over  20  manhours.  The  living 
schedule  sometimes  requires  that  aircraft  be  buttoned  up  and  flowai  before  the 
calibration  is  complete.  In  other  cases  l.Rl's  are  pulled  out  of  a partially 
calibrated  aircraft  and  inserted  into  an  aircraft  which  must  fly  soon  (tail  number 
scheduling).  This  negates  the  calibration  performed  since  there  is  considerable 
interaction  of  I.Kl's.  The  result  is  many  overtime  hours  and  many  weekends  spent 
in  working  on  the  WCS.  There  seem  to  be  no  outstanding  or  easily  fixed  problems 
with  the  WCS  itself  exce])!  that  its  MTBT  is  too  low  for  its  maintenance  force 
and  that  the  calibration  takes  so  long. 

11.  The  ARC- 1 64  ITIF  Radio.  The  K-4  fleet  is  slated  to  receive  this  radio. 

Opinion  was  expressed  that  it  would  be  much  better  to  put  two  radios  in  the 
aircraft  rather  than  one  radio  and  two  control  boxes.  It  was  felt  that  decrease 
cabling  and  maintenance  problems  would  pay  for  the  cost  of  the  extra  radio.  The 
radio  will  apparently  fit  where  the  control  boxes  are  now^ which  will  eliminate 
removing  the  back  seat  to  replace  the  radio. 

12.  Accessibility  of  Avionics.  With  the  exception  of  the  radio  and  some  l.Rl's  on 
the  WCS  most  of  the  LRUs  are  readily  accessible.  Doors  in  the  side  of  the 
aircraft  swing  up  and  the  boxes  can  be  pulled  fairly  easily. 

13.  Observations.  This  system  exhibits  problems  typical  of  a moderatelv  aged  system. 
Cabling  and  connectors  arc  becoming  a problem.  Parts  replacement  problems  arc  becoming 
mor.‘  acute.  The  alignment  problems  of  the  WCS  seems  symptomatic  of  analog  systems. 
Technical  data  is  relatively  mature  and  is  not  causing  problems,  (’n  the  other  hand, 
the  digital  parts  of  the  system  were  not  free  from  problems.  If  the  WCS  problem  can 
be  alleviated  by  miinning  equipment  fixes  or  equipment  replacement,  the  problems 

of  the  31st  AMS  would  be  much  similler  than  they  are.  now. 
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APPKNDIX  C 

STAFF  SUMMARY  SHEET 


• UMM*n  V 


Iravflirs:  .Vaj  I’.  K.  Owt-ns,  Mr.  M.  K.  St.  John,  and  Mr.  K.  D.  Iamb 

ObjfCtive:  To  (latlier  data  for  the  Avionies  Maintenance  Study 

Dates  and  Places  Visited:  28-30  Mar  7b,  I.anRley  AK15,  VA 

30  Mar  - 1 Apr  76,  Dover  AFB,  VA 
1-2  Apr  76,  Plattsburp  APB,  VY 

OrR.in  i zat  i ons  covered  in  ttie  interviews: 

1st  AMS,  1st  Tactical  I'iRbter  Wing  (TAP),  Tt  Col  Caputo,  Sq  Cmdr,  Langlev 
48th  Kigliter  Interceptor  (ADC),  Tt  Col  Burnl , Sq  Cmdr,  Langlev 
38th  Tactical  Airlift  Squadron  (lb\C)  , Langley 

436tli  AMS,  4 36th  Military  Airlift  Wing  (MAC),  Maj  J.  C.  Smith,  Sq  Cmdr,  Dover 

380th  AMS,  380tli  Bomb  Wing  (SAC),  Plattsburg,  .MaJ  Thr-sher,  Sq  Cmdr 

Aircralt  Maintained:  F-13  (Langley) 

F-106  (Langlev) 

C-130  (Langley) 

05A  (Dover) 

FB-111  (Plattsburg) 

D iscuss  ion 

1.  Ages  of  the  Systems.  Weapon  systems  covered  on  this  trip  range  from  tire  old 

F-106  and  C-130  to  the  fairly  new  FB-111  and  C-5A  to  tlie  brand  new  F-15.  These 

systems  span  roughly  20  years  of  technology.  The  F-106  has  mostly  tubes  except  for 

a few  modified  I.KL's.  The  s.ame  is  true  for  the  C-130.  The  C-5A  and  FB-111  use 
both  discrete  solid  state  components  and  integrated  circuits,  while  the  F-15  is 
starting  to  use  some  large  scale  LSI.  We  think  that  planners  of  new  technology 
should  be  aware  that  after  their  designs  are  finalized,  their  products  will  quite 
likely  need  spare  parts  for  more  than  20  years.  This  impl ies  an  emphasis  on  main- 
line, widely  available  parts  with  an  eye  to  reprocuremc’nt  of  spares. 

2.  Parts  Availability.  People  in  each  maintenance  organization  we  have  visited 

so  far  have  complained  of  parts  availability.  One  would  expect  this  to  be  a problem 
with  both  very  old  or  very  new  systems  but  not  with  supposedly  mature  mainline 
systems,  other  things  being  equal.  Evidently  other  things  are  not  equal  and  the 
Air  Force  is  running  as  lean  on  spares  as  possible  consistent  with  their  opera- 
tionally ready  rates. 
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? . M.iinlen.mcf  Concepts  Kmployed. 


a.  Numbor  of  Levels.  The  K-15  and  I'H-IIl  have  a definite  three  li’Vel  caintenance 
structure  (fliplit  line,  shop,  depot).  Tlie  C-130  lias  essentially  a two  tier  structure, 
combining  flightline  and  shop.  The  F-lOft  and  C-5A  maintenance  organizations  were 
a mixture.  In  some  subsystems  the  same  people  worked  both  on  tlie  flightline  and 
the  shop  and  in  others  it  was  split  out  by  the  two  levels. 

I..  Tail  Number  Scheduling.  In  all  cases  tail  number  scheduling  was  used. 

('pinions  were  again  mixed  about  the  efficacy  of  the  concept  as  it  impacted  avionics, 
in  particul.ir,  the  FB-111  had  a very  high  cannabal izat ion  rate. 

e.  Un-base  Repair 

(1)  F-15.  On  the  F-15  repair  was  limited  to  removal  and  replacement  of 
I.Rl's  on  the  1 lightline  and  removal  and  replacment  of  modules  (typically  printed 
circuit  boards)  in  the  shop.  Presently  little,  if  any,  replacement  of  components 

<on  boards  is  accomplished.  Some  modules  are  classified  as  throw-away,  but  they  are 
generally  being  saved  and  sent  to  depot.  Since  the  shop  test  stations  and  their 
associated  software  are  only  partially  up  and  running,  many  I.RFs  are  still  being 
sent  to  the  contractor  for  repair. 

(2)  FB-111,  C-5A,  C-130.  In  each  case  here  only  LRL'  removal  and  replacement 
is  performed  on  the  flightline.  On  the  FB-111  and  C-5A  most  of  the  shop  maintenance 
consists  of  replacement  of  faulty  modules,  although  some  failed  component  parts 

are  replaced  (generally  by  agreement  with  depot).  In  the  case  of  the  C-130  and 
F-lOh  extensive  piece  part  replacement  is  accomplished. 

d.  Hot  mockups.  Hot  raockups  are  used  exclusively  in  the  F-10f>  an<i  C-130. 

Again  the  simulation  obt. lined  is  rudimentary  and  docs  not  account  for  troubles 
induced  by  environmental  stresses  and  voltage  spikes.  A few  of  the  test  stations 
in  the  C-5A  system  amount  to  hot  mockups. 

e.  Automatic  and  Manual  Test  Stations.  The  F-15,  FB-111  and  C-5A  all  use  a 
mixture  of  automatic  and  manual  test  stations.  The  manual  test  stations  allow  an 
1.RC  to  be  stepped  through  tests  and  have  some  branching  capability  for  trouble- 
shooting. Voltages  and  sometimes  waveforms  may  be  monitored  at  test  points.  The 
F-15  manual  test  stations  currently  cannot  handle  all  the  I.RUs  for  which  they 
were  designed.  Simulations  of  inputs  from  related  I.Rl's  is  limited  and  no  environ- 
mental simulation  is  present. 

(1)  F-15  Automatic  Test  Stations.  Only  a few  of  the  I.Rl's  scheduled  to  run 

on  the  automatic  test  stations  can  actually  be  run.  Software  bugs  are  still  being 
worked  nut.  In  some  cases  test  tolerances  may  be  set  too  close.  Fach  of  the  three 
automated  test  stations  contains  its  own  minicomputer.  The  computer  goes  through 
its  program  serially  and  stops  at  the  first  fault.  Fntil  this  fault  is  corrected, 
it  will  not  go  any  further.  Once  the  faulty  module  is  replaced,  the  test  begins 
again  from  the  start.  If  another  fault  is  detected  in  the  I.RH,  the  machine  again 
stops.  rhis  process  continues  until  all  detected  faults  have  been  corrected. 

Both  autom.it ic  and  manual  test  stations  were  designed  to  catch  057  of  probabl e 
faults  (working  from  piece  part  reliabilities).  Opinion  so  far  has  it  that  once 
the  bugs  are  out,  807  of  actual  failures  will  be  more  nearlv  correct . The  technical 
orders  (TOs)  published  thus  far  tell  the  technicians  in  great  iletail  how  to  operate 


thf  tost  stations,  but  tlie  TI'h  aro  not  liolplbil  in  fimlinn  faults  not  dotoctoti  by  the 
auti'matic  tostors.  It  is  tho  "trained  monloy"  appruacli.  'Itio  technician  has  no 
flexibility  in  his  interaction  with  the  tost  station.  Tho  tochnicians  for  o.ich  tost 
station  are  dividod  hetwoon  those  who  operate  t tie  tost  station  and  tlioso  who  naint.iin 
the  test  station  and  troubleshoot  it.  The  present  concept  is  that  schenatics  and 
block  and  loop  d i.inr.ams  are  not  inoluiiod  in  the  TUs  to  aid  tho  technician  in  trouble- 
shoot ins.  Moreover,  the  test  station  operators  are  not  tr.iined  in  the  systeti’s 
viewpoint  of  how  different  I.Kt’s  inter.ict.  They  aro  trained  in  the  I.KC  specific 
terras  for  troubleshooting  using  the  tost  stations.  Tochnicians  are  unhappy  with 
this  situation  and  would  prefer  schematics.  Technicians  par t icu 1 ;ir ly  singled  out 
the  microw.ive  area  as  unsuit.ible  for  tho  acproach  being  used.  They  would  much 
prefer  to  have  a hot  mockup  in  this  area. 

(2)  FIi-111  Automatic  Test  Stations.  All  the  automatic  test  stations  on 
the  rii-111  system  are  controlled  by  a central  computer.  Conseriuen  1 1 y , when  that 
computer  "crashes,"  all  of  the  tost  stations  are  out  of  business.  This  seems  to  he 
happening  less  frequently  recently.  Some  of  the  hardware  h.is  been  upgr.aded.  There 
is  some  greater  flexibility  in  tester  operation  since  the  technician  doesn't  always 
have  to  start  the  tester  at  tho  beginning  of  tho  test  sequence.  IsMth  the  exception 
of  choosing  entry  into  the  test  sequence,  however,  the  technician  cannot  interact 
with  the  computer.  More  tech  data  is  available  in  terms  <'f  l.Rl’  schematics  and 
data  flow  within  the  LRUs.  Test  station  operators  still  do  not  have  a system  view- 
point however  and  are  locked  in  to  treating  each  LRU  as  a separate  entity.  At 
i’lattsburg  the  Fli-111  organization  has  a refrigerator  and  oven  combination  for  cold/ 
hot  soaking  LRUs.  LRU.s  mu.st  be  removed  from  the  refrigerator  or  oven  before  test, 
however.  A separate  AflF.  Branch  deals  with  the  test  station  m.ii nt enance . 

(3)  C-5  Automatic  Test  Stations.  The  test  st.it  ions  for  Inertial,  Doppler 
Navagational  Kquiprrent  (TDNF)  and  tho  Malfunction  Analysis  Detection  and  Reporting 
(MADAR)  system  were  both  controlled  by  computers  which  gave  the  technicians  little 
flexibility  in  the  testing  process.  They  were  not  well  liked  by  the  technicians, 
who  would  prefer  to  take  a more  active  part  in  troubleshooting.  Technicians  were 
assisted  however  by  having  on  station  tlie  depot  level  TOs  which  gave  then,  schematics 
of  the  LRUs.  The  autopilot  and  flight  director  subsystem  LRUs  were  tested  on  a 
test  station  which  used  a llonewell  1505  computer  cc'ntrol.  The  sliop  ciiief  and  a 
technician  interviewed  were  quite  happy  with  the  test  station.  The  software 
allowed  interaction  between  technician  and  computer  to  locate  the  problem  module. 
Success  rate  was  apparently  high.  A Honeywell  technical  representative  was  on 
station  and  considered  most  helpful  in  assisting  with  computer  operation  and  LRU 
troubleshooting.  i have  since  founil  that  MAC  llq  is  going  to  request  using  similar 
test  stations  to  replace  the  MADA.R  .and  IDNK  testers.  They  felt  the  replacement 
cost  plus  maintenance  would  be  less  expensive  than  maintenance  on  the  present 

test  stations. 

t.  Built-In  Test  and  Monitoring  F.quipment.  The  F-I5,  C-5A  and  FB-lUall 
had  built  in  test  (BIT)  and/or  automatic  monitoring  equipment  on  board  the 
aircraft.  The  F-lOb  carries  an  oscillographic  recorder  for  the  r.adarscope.  This 
is  used  both  as  a way  of  scoring  intercepts  and  .as  an  alil  to  troub  1 eshoot  ing 
malfunct Ions. 


(1)  F- 1 5 BIT.  The  pilot,  h.is  a .status  panel  to  tell  him  what  systems 

HI  I say.s  are  inoperabU  . I'pon  laiuiinp  the  crew  chief  will  check  in  the  equipment 
bavs  to  sei  which  I.Kl  s are  flappi'd  (they  have  indicators  wliich  showed  thev  failed 
BiT).  II  l.Kl  s .ire  reset  and  the  flag  docs  not  reappear,  it  is  assumed  that  a 
tr.insient  glitch  was  the  problem.  If  the  flag  reapj'cars,  the  1 KF  is  pulled  and 
...ikeii  to  the  sho(  . l.'o  permanent  record  is  made  of  the  indications  on  the  status 
panel  except  as  they  .ire  written  up  in  the  AFTO  Forms  3^9.  At  this  stage  of  developmei 
indic.it  ions  which  do  not  reappear  are  very  frequent.  According  to  technicians 
the  nil  indications  are  not  always  accurate  with  respect  to  the  I.KF  to  be  pulled. 
Technicians  must  sometimes  swap  non- ind 1 cated  boxes  until  the  condition  goes  awav . 

(2)  1 B- 1 1 1 BIT.  FB-111  I.RFs  do  not  have  BIT  flags  on  them,  so 
deciding  which  l.Kl'  to  pull  is  accomplished  by  checking  the  BIT  panel  and  trying 

to  duplicate  the  malfunction  on  the  ground.  Again,  no  hard  copy  of  the  malfunction 
indicat ic'ns  is  automatically  produced.  Again,  there  was  a lack  of  enthusiasm 
among  the  technicians  who  worked  on  the  flightline  removing  and  replacing  LRUs. 

The  ti'chnician  evidently  does  not  get  enough  information  by  BIT  alone  to  go 
directly  to  the  correct  I.Rl'  "enough"  of  the  time  (whatever  "enough"  is). 

(3)  C-5A.  The  malfunction  Analysis  Detection  and  Reporting  (Mi\DAR) 

System  performs  the  BIT  functions.  Not  only  does  it  monitor  avionics  but  it  also 
monitors  the  rest  of  the  aircraft  .systems.  There  are  about  800  monitoring  stations 
on  the  aircraft  multiplexed  on  a data  bus  so  that  each  one  is  sampled  at  least 
once  a second.  Malfunctions  detected  are  printed  out  on  paper  and  stored  on 

tape.  The  AFTO  forms  399  (job  orders)  and  AFTO  Forms  781  (Aircraft  Discrepancy 
log)  are  automatically  generated  from  the  tape.  The  tape  is  read  into  a data 
bank  at  Oklahon.i  Al.C  so  that  the  information  on  any  C-5A  or  all  of  them  arc 
available  in  near  real  time.  The  major  problem  with  the  M/\DAR  system  is  that  it 
is  unreliablt.  It  was  considered  the  worst  system  on  the  aircraft  by  the  avionics 
maintenance  people  at  Dover.  Of  course  when  the  MADAR  is  dowat  the  information 
flow  into  the  automated  system  is  impaired  or  stops  altogether  depending  on  what 
the  naturi-  of  the  MADAR  failure  is.  M/\C  is  aware  of  the  problem  and  has  recently 
decreed  that  C.-SAs  will  not  lly  unless  MADAR  is  operational.  The  concept  of  MADAR 
in  conjunction  with  the  Groind  I’rocessing  System  (Cil’S)  for  using  the  data  tapes 
to  automatically  produce  the  forms  and  enter  inlormation  into  the  data  bank  is 
excellent.  Shop  chiefs  for  the  C-5A  said  thev  got  useful  information  out  of  the 
sy.stera.  Ihe  .Hiialysis  people  in  the  squadron  were  highly  pleased  with  the  system. 

It  is  the  best  attempt  seen  so  lar  afclosing  the  information  loop.  We  under- 
bt.ind  a similar  concept  i.s  being  used  for  the  B- 1 . If  implemented  with  reliable 
equipment  (and  good  software),  it  can  be  a real  boon  not  onlv  to  upper  management 
and  AfT.t'  but  also  to  tlu'  first  and  second  line  managers.  Recognize  that  the 
1 orego i ng  is  a big  if. 

g.  Flightline  A(F.  The  F-I5,  FB-lll  and  t;-S  .ill  had  some  specialized  test 
sets  which  were  used  on  the  f 1 ight 1 ine  in  .addition  to  use  of  multimeters  and 
'scopes.  The  FB-lII  seemed  to  have  more  test  sets  than  the  others.  None  of  the 
test  sets  were  automated.  The  Ol'in'.s  use  a couple  of  specialized  test  sets. 

h.  I’hased  Inspections.  The  only  evidence  we  found  of  phased  avionics  inspections 
on  this  trip  was  a program  in  tin-  F-106  organization.  The  MA-1  fire  control 

system  l.Kl.’s  were  checked  at  45  and  90  day  intervals.  Of  particular  interest  are 


till'  rolay  banks.  Each  relay  is  resistance  cheeked  and  relays  with  over  1 ohm 
resistance  are  re)’laced.  The  shop  chief  claimed  that  the  extra  timi'  spent  had 
paid  off  in  mucli  greater  reliabiiitv.  In  all  I'ther  cases  avionics  was  repaired 
only  as  it  ma 1 1 unc t ioned . 

i.  Debriefing.  All  tlie  bases  visited  on  this  trip  used  aircrew  debriefing, 
but  thi'  methods  dilfered. 


(I)  T-15  and  F-10(i  pilots  went  to  debriefing  in  a building  in  the  main- 

tenance complex.  They  were  ipieried  in  turn  by  representatives  from  the  major 
shops  (one  representative  was  present  from  avionics)  regarding  srpiawks  on  the 
systems . 


(2)  lPi-111  crews  were  debriefed  by  avionics  people  in  the  cockpit  in  an 
eifort  to  duplicate  malfunction  conditions  before  the  aircr.aft  cooled  down  from 
flight. 

(3)  C-5A  crews  were  debriefed  in  a truck  right  by  the  aircraft.  Avionics 
had  one  representative. 


j.  The  "Big  Apple"  Iruck.  The  TB-111  used  a Big  Apple  truck  which  carried 
I.RVls  lor  most  of  the  avionics  systems  likely  to  fail.  Many  of  these  1 Rl's  wore 
cannaba 1 Ixed  from  aircraft  not  scheduled  to  fly.  This  truck  was  used  to  insure 
the  aircraft  scheduled  to  fly  got  off  on  time  (SAC  places  great  emphasis  on  meeting 
scheduled  take  off  times).  The  truck  was  also  evidently  used  to  isolate  faulty 
I Rl's  immediately  upon  aircraft  return  during  the  avionics  debriefing  with  the 
crew  in  the  cockpit.  The  operation  was  similar  to  the  "Red  Ball"  truck  used 
at  ether  RAC  bases  visited  previously.  The  Red  Ball  truck  has  technicians  on 
board  troni  the  major  shops  (one  technician  for  avionics)  the  LRL's  are  not  general  Iv 
carried  on  the  Red  Ball  trucks.  Evidently  the  Big  Apple  concept  is  very  effective 
in  terms  of  meeting  operational  ref.u i -ements.  However  it  implies  that  the  TB-111 
electronics  systems  are  a really  big  problem. 

Depot  Support.  The  TB-111  people  said  that  depot  support  had  been  excellent. 
Other  people  were  less  enthusiastic,  but  there  were  no  real  complaints  bevond 
the  perennial  p.irts  availability  complaints  whi.h  are  not  reallv  depot  problems 
unless  ec|uipment  turnaround  at  depot  is  slow. 

5.  Mann ing.  The  only  complaints  encountered  about  manning  concerned  the  gap 
between  junior  technicians  .and  senior  NCO  in  the  TB-111  organ i xat ion . We  have 
encountered  this  problem  before.  Evidently  the  "middle"  people  get  out  creating 
possible  luture  problems  when  the  present  senior  NCOs  retire.  Presently  people 
working  in  the  T-15,  T-Ill,  and  TB-III  have  ATRCs  unique  to  tht'se  three  we.apons 
systems.  The  people  in  the  C-RA  program  are  frozen  to  that  weapon  svstem  because 
of  its  unique  mode  of  oper.it  ion. 


b.  Training  and  Personnel  iju.ility.  Generally  shop  chiefs  were  happy  with  the 
quality  of  people  coming  to  their  organizations.  They  saw  no  decline  in  the 
quality  of  the  I irst  termers  In  avionics.  There  were  mixt'd  reactions  to  the 
technical  training  given  the  new  troops.  However,  Palace  Eagle  has  created  some 
problems.  This  program  is  designed  to  cross  train  airmen  from  other  electronic 
career  fields  Into  the  T-15  avionics  maintenance  syktem.  Rome  of  these  people 
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do  not  havf  backgrounds  in  avionics  maintenance  and  need  reorientation  according 
to  I'-l'i  "old  timers."  Then,  too,  the  Career  Develojiment  (k>urse  whlcli  the  F-15 
technicians  are  tested  on  for  advancement  is  based  on  F-111  avionics  systems. 


8.  l-.ffects  of  Seasonal  Ciianges.  The  people  at  Plattshurg  and  Dover  reported 
increased  maintenance  problems  when  the  seasons  changed. 


9.  informtition  Flow.  Tlie  only  notable  exception  to  the  information  flow 
previously  reported  was  the  C-IA's  .^lADAK-CI’S  combination.  The  flow  goes  some- 
thing like  this 


Crew 

Dehriet ing  Truck 


job  control 


tape  and 
computer 


/ 

AFTO  Fm  349 's 


prioritization 


SHOPS 


h.andwritten  forms 

terminal 

V 

Oklahoma  City  AI.C 
Data  Base 


Once  in  the  Oklahoma  City  ALC  data  bank  the  data  is  available  back  down  to  shop 
level  in  a number  of  formats  which  can  be  requested.  I.Rl’s  can  be  tracked  by 
serial  number.  Aircraft  discrepancy  logs  can  be  automatically  produced.  This 
was  the  only  closed  loop  system  observed  to  date.  That  is  the  people  in  the  shops 
saw  the  results  ol  supplying  information  and  benefited  from  the  Information 
supplied.  in  their  opinion  the  equipment  required  for  onboard  Installation  in 
■ny  kind  ot  aircraft  is  neither  heavy  nor  bulky.  It  bears  further  investigation. 


10.  Inspections . None  of  the  organizations  visited  on  this  trip  seemed  to  be 
"Verly  concerned  with  Maintenance  Standardization  and  Kvaluiition  team  findings. 

11.  ProbKni  Systems.  The  F-lOb  stable  platform  and  associated  control 
electronics  Is  a headache.  This  confirms  findings  .)f  a previous  trip  to  Tyndall 
AFB.  The  0-41  Digital  Processor  on  the  F-15  radar  is  a high  fail  item.  On  the 
C-I30s  the  Al’N-150  radar  altimeter  was  a problem.  f>n  the  FB-111  the  converter 
sets  caus€-  a lot  of  maintenance.  He  C-5A  Inertial  and  Doppler  Navigation  F.quipment, 
the  MADAK  system,  the  radar  altimeter,  and  the  TAfVN  system  all  cause  headaches. 

it  seems  that  all  automatic  test  equipment  at  the  organizational  level  has  problems. 
It  is  either  too  new,  has  bugs  in  the  software  or  is  down  too  much  of  the  time 
or  a combination  of  the  above.  The  people  working  the  APN-59  on  the  t!-130'a 
didn't  think  it  was  a big  problem.  However,  we  stopped  in  the  KC-135  radar  shop 
at  Plattshurg  ;ind  they  thought  it  was  a terrible  system.  Their  opinion  was  that 
the  l)iggest  problem  with  the  APN-59  Is  that  the  antenna  is  wearing  out.  Fuel 
sensors  were  a problem  in  all  aircraft  studied  to  date. 


12.  Plugs,  (:onnector.s,  and  Cabling.  With  the  exception  of  tile  F-15  all  the  air- 
craft studied  to  d.tte  liave  plug,  connector,  and/or  cabling  problems.  In  no  case 
were  the  problems  caused  by  NAFI-type  connectors.  In  cold  weather  ribbon  cable 
gi'ts  brittle,  so  it  apparently  is  not  necessarily  a better  solution  than  regular 
wire. 
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13.  On-.i  i rcrnt  i Av  i un  i cs  Acce.ss  ib  i 1 i t y . f'.enerally  the  I.RI'k  are  readily 
acees.sihle  on  the  aircraft  seen  on  tiiis  trip.  The  l■■h-lll  had  some  problem.s 
with  cabling  and  antenna  placement.  The  C-5A  had  several  data  sending  units 
for  the  M/\DAK  which  v;ere  hard  to  reach.  It  also  had  one  LRl’  which  did  not 
have  the  same  latching  system  as  the  other  LRl's  but  was  bolted  from  the 
bottom.  This  necessitated  removing  several  otlicr  LRl's  to  remove  it. 

14.  (^hseivat ions . We  have  seen  almost  all  conceivable  management  structures 
at  the  base  and  flightlino  level  including  organizations  wliere  tfie  people  in 
some  sfiops  work  botli  flight  line  and  bench  and  in  otfiers  are  split  into  two 
groups.  Witti  the  exception  of  the  Honeywell  1505  test  station  on  the  C-5A 
all  the  ATK  we  have  seen  !i;ve  problem.s.  In  some  cases  the  equipment  specs 
are  set  too  tigfit.  In  otliers  there  are  software  bugs.  In  still  others  the 
Bl'l  and  the  shop  test  station  don't  agree.  ('nly  the  1505  thus  far  lets  the 
operator  talk  to  it  and  use  some  judgment.  Tech  orders  on  the  FB-lIl  and  the 
F-15  are  a real  problem.  In  the  case  of  the  F-15  there  are  lots  of  initial 
mistakes  and  nothing  in  the  way  of  schematics  and  flow  diagrams.  In  the  case 
of  the  FB-111  tlie  contractor  which  built  the  test  stations  didn't  write  the 
tecli  data.  The  FB-111  and  the  C-5A  should  by  now  have  the  bugs  worked  out 
fairly  well  and  should  have  experienced  drops  in  maintenance  actions.  According 
to  the  people  interviewed  it  hasn't  happened.  Botli  aircraft  continue  to  have 
severe  avionics  maintenance  problems.  Prospects  for  the  F-15  are  brighter, 

but  it  is  still  too  early  to  tell.  Some  people  thought  it  a mistake  to  put 
people  who  work  on  LRUs  in  different  pieces  of  the  organization  from  those  who 
pull  the  LRUs  on  the  flightline.  They  feel  data  is  lost  in  this  division. 
Perliajis  the  systems  are  so  complex  tliat  it  is  necessary  for  the  technician 
to  concentrate  either  on  a broad  systems  viewpoint  or  a narrow  subsystem 
viewpoint  but  not  botli.  If  true  it  will  be  quite  possible  for  technicians 
to  oper.ate  but  they  will  have  to  operate  more  like  trained  monkeys  than  as 
true  troubleshooters.  So  far  we  are  impressed  with  the  competence  and 
prof  ess  i onal  i .sm  we  have  seen  and  by  the  overall  positive  attitudes  of  people 
doing  difficult  jobs  often  under  poor  conditions. 
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o»j«cT  xrip  Report  for  Trips  to  Newark  AFS,  OH;  Robins  A1  P. , 


GA ; and  Reese  AFB^  TX. 


14  Mav  1976 


Travelers:  Maj  I’.  R.  Owens,  Maj  G.  Pritchard  (Robins  .AFB  only),  Mr.  M.  R.  St.  John, 

and  Mr.  F.  D.  L.unb 

Objective:  To  gather  data  for  the  Avionics  Maintenance  Study 

Dates  and  i’laces  Visited:  9 Apr,  Newark  AFS,  OH 

12-14  Apr,  Robins  AFB,  C,A 
14-16  Apr,  Reese  AFB,  TX 

Organizations  Covered  in  the  Interviews: 

Aerosnac.e  Guidance  and  Metrology  Center,  (AFT.C)  , Cel.  Elon  hong.  Director 
oC  MatnTonanre,  Newark,  Ohio 

Warner  Robins  Air  Logistics  Center  (AFLC),  L/C  Lerandeau,  Avionics  Director 
(within  Maintenance  Directorate) 

64  Fighter  Training  Wing,  64  Field  Maintenance  Squadron  (ATC),  11, t Kerekes, 

Chief  Avionics  Branch. 

Organizational  Purposes : 

64  FMS  - Maintain  avionics  on  T-37  and  T-38 
Afi'MC  - i)epot  for  AF  Inertial  navigation  equipment 
Warner  Robins  ALC  - Depot  for  AF  Avionics. 

Discussion:  Because  of  the  difference  in  depot  operations  from  field  maintenance 

operations  each  will  be  treated  separately. 

A.  64th  Fits 

1.  Ages  of  the  Systems.  The  T-37  is  over  15  ye.irs  old  and  the  T-38  is  10-15 
years  old.  The  avionics  has  I.RL's  using  tubes,  discrete  semiconductors  and  some  sm.il  1 
scale  integrated  circuits. 

2.  Parts  Availability.  For  tlie  first  time  parts  availability  was  not  a major 
complaint,  llie  only  complaint  regarded  tiie  new  AFl.C  policy  whirl)  prevents  classing 
an  l.RU  not  reparable  this  station  (NRTS)  and  seniiing  ft  to  depot  without  the  Item 
.M.anager's  approval.  Hiese  I.RUs  are,  instiM<l,  i lassed  ;i.s  Awaiting  Parts  (AWP)  .and 
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counted  ns  LRL's  possessed  by  the  ornanization.  If  conponents  don't  come  , the 
organization  winds  up  o\>ming  a lot  of  useless  LRl's.  This  condition  has  been  noted 
in  previous  reports.  It  encourages  cannibalization  of  components  from  LKL's  and 
results  in  tiie  I.Rl'  wliicli  is  sent  to  depot  being  used  as  little  more  than  suitcases 
for  defective  components  and  printed  circuit  boards  (PCBs) . AI'LC  policy  is  to 
maximum  stock  bits  and  pieces  and  shop  replaceable  units  fSRLs)  at  base  level 
and  to  minimum  stock  I.RL's  at  base  level.  So  far  the  policy  has  not  been  a success 
but  perhaps  things  will  smooth  out  in  a few  months. 

1 . Maintenance  Concepts  Kmployed. 

a.  lis'o  tier  Structure.  The  same  people  work  both  on  the  flightline  and 
in  the  shop  at  Reese,  so  we  have  another  example  of  two  tier  maintenance  - base 
and  depot. 

b.  Tail  Number  Scheduling.  Tail  number  scheduling  was  in  effect  at 
Reese  as  at  all  bases  visited  to  date.  Cannibalization  actions  were  frequent 
partly  because  of  the  policy. 

c.  Hot  Mock-ups.  All  in-shop  maintenance  was  performed  using  hot  mock-ups 
there  was  no  automatic  test  equipment. 

d.  Flightline  AC.K . There  was  no  dedicated  flightline  ACF.  Scopes  and 
meters  are  sometimes  used  on  the  flightlines  or  in  the  hangars  for  on  aircr^ift 
trouble-shoot ing. 

e-  Phased  Inspections.  The  aircraft  undergo  phased  inspections,  but  the 
avionics  do  not.  All  avionics  maintenance  is  fixed  upon  failure. 

f.  On-base  Repair.  Repair  on  many  l.RUs  goes  to  the  component  level, 
although  some  circuit  boards  must  be  repaired  at  depot  level. 

g.  Debriefing.  There  was  no  person-to-person  debriefing  procedure.  The 
sole  means  of  communication  between  pilots  and  the  maintenance  was  the  debriefing 
form  filled  out  after  each  flight.  The  reason  for  this  was  as  follows:  F.ach  dav 
there  are  about  200  sorties  flown  with  about  50-75  aircraft.  This  means  that  a 
lot  of  maintenance  must  be  accomplished  in  a short  time  to  turn  the  aircraft  for 
the  next  sorties.  With  the  maintenance  manning  available  it  has  not  proved 
practical  to  debrief  pilots  in  person.  It  was  admitted  that  the  situation  was 
undesirable.  Probably  many  of  the  write-ups  are  due  to  student  pilots  incorrectly 
operating  equipment.  This  could  be  curtailed  more  quickly  if  maintenance  people 
could  discuss  write-ups  with  the  pilots.  No  relief  is  in  sight  for  the  problem. 

4.  Depot  Support.  There  were  no  complaints  about  the  quality  ol  depot  support 

5.  Mann ing.  Manning  levels  have  been  cut  but  not  severely.  Somewhat 
alleviating  the  manning  problem  is  the  fact  that  the  new  airmen  are  not  moved  as 
frequently  as  in  tlie  Viet  Nam  War  era.  The  practice  used  to  he  to  send  an  airman 
in  fresh  out  of  tech  school,  let  him  stay  a year  to  get  tr.iined  up,  and  then  ship 
him  over  to  Southeast  Asia.  There  is  at  least  one  civilian  in  each  shop.  The 
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stability  lent  by  the  civilians  is  valuable  in  providing  a steady  core  of  capability 
for  training  the  new  people.  We  also  found  tills  practice  in  effect  at  Dover  in 
the  C-5A  maintenance.  Tlie  disadvantages  of  using  civilians  are  that  they  rarely 
work  overtime  since  tliey  are  paid  extra  for  overtime  wiiile  (Us  aren't  and  the’, 
usually  earn  more  tiian  the  WIs,  causing  some  resentment.  On  balance,  liowevcr, 
both  organizations  strongly  believed  in  using  a limited  number  of  civilians  in 
avionics  maintenance.  Normal  operation  was  two  shifts,  six  days  a week. 

b.  Training  and  Personnel  ijuality.  At  Reese  there  were  no  complaints  about 
the  quality  oi  new  technicians.  On  tlie  contrary  there  was  great  praise  of  both 
the  aptitude  and  attitude  of  the  people  recently  arrived.  Tech  school  training 
was  deemed  adequate  background  for  the  job. 

7.  Inspect  ions . I’eople  within  the  Avionics  Branch  did  not  appear  to  be 
"inspected  to  death.”  There  were  no  complaints  about  nit-picking. 

8.  Effects  of  Weather.  The  only  effects  of  weather  noted  were  that  when  it 
rains  the  IFF  control  box  gets  wet  and  often  causes  malfunctions  and  fuel 
quantity  systems  usually  malfunction  in  rainy  weather. 

9.  Undergraduate  Pilot  Training  Environment.  As  noted  in  Ig  about  200  sorties 
per  day  are  flown  with  50-75  operationally  ready  aircraft  (about  200  aircraft 

are  assigned).  This  means  the  average  operational  aircraft  is  turned  around 
between  two  and  three  times  in  a day.  This  turnaround  rate  results  in  about 
30  minutes  of  aircraft  availability  for  maintenance  on  each  turnaround.  Of  course 
the  T-37  and  T-38  do  not  have  highly  sophisticated  avionics  suites,  but  even  so 
the  required  malnten.ance  must  be  performed  swiftly  and  accur.itely  to  maintain 
the  flying  schedule. 

10.  Time  Accounting.  As  at  other  bases  the  time  accounting  system  does  not 
accurately  reflect  training  conducted  while  performing  maintenance.  This  means 
that  the  manhour  data  in  the  68-1  system  is  probably  good  for  sensitivity  analysis 
and  other  analyses  where  absolute  magnitudes  are  not  required. 

11.  Cost  Accounting.  At  Reese  as  at  other  bases  the  enlisted  technicians 
are  treated  as  free  resources  by  local  comiminders  and  supervisors.  The  costs 
related  to  tlieir  salaries  and  benefits  are  not  traded  against  capabilities  for 
performing  maintenance  at  base  level  rather  than  depot. 

12.  .Maintenance  Data  Feedh.ack.  At  Reese  as  at  all  other  bases  except  Dover 
there  is  little  or  no  useful  data  returned  to  the  shop  chief  or  branch  chief  by 
the  66-1  data  collection  system. 

13.  t'roblem  Systems.  The  ARC-3A  radio  was  the  worst  performing  subsystem. 
However  in  the  past  18  months  the  MTBF  had  been  pushed  up  to  100  hours,  the 
.MTTR  had  dropped  from  15  hours  to  5 hours  while  the  people  doing  the  work  had 
dropped  frtmi  five  to  three.  For  the  Precision  Measuring  Equipment  laboratory 
(PMEI.)  the  two  worst  pieces  of  test  gear  were  the  TACAN  test  set  and  the  IFF 
fllghtllne  test  set.  The  Air  Force  currently  has  a better  TACAN  test  set  and 
one  is  on  order  at  Reese.  As  with  other  aircraft  the  wiring  is  a problem. 


1^.  On-Aircrnf  t I'.qu  i pmont  Access  i b i 1 i Lv . lioUi  .lircr.-ift  tuid  f;t-nerally 
good  accessibility  to  tlie  avionics  with  the  exception  of  the  AKC-'i^  radio, 
in  each  case  the  radio  was  liard  to  reimwo  and  replace.  This  is  particularly 
unfortunate  since  the  radio  is  the  highest  failure  r.ite  iten  on  each  aircraft. 

15.  Technical  Orders  (TOs).  The  TOs  were  said  to  be  difficult  to  use  for 
some  tasks.  tU'ten  information  for  a task  was  located  in  more  than  one 

place.  There  was  also  a lack  of  good  logic  tree  diagrams  for  trouble-shooting. 

16.  Trainers . The  avionics  organizations  are  now  responsible  for 
trainers  Air  Force-wide.  This  cliange  of  responsibility  from  operations 

to  maintenance  occurred  in  the  fall  of  1975.  For  all  of  the  trainer  facilities 
this  has  created  problems,  but  it  is  particularly  true  at  Reese.  Wlien  the 
trainers  were  under  operations  maintenance  was  not  run  according  to  AFM  66-1, 
and  the  shift  required  adjustmi-nts.  Reese  was  particularly  hard  hit  among 
the  bases  we  visited  because,  being  an  ATC  base,  it  has  a lot  of  trainers 
(over  30).  The  shop  chief  felt  they  were  undermanned.  They  had  been  receiving 
some  close  inspections  designed  to  bring  them  up  to  required  standards  for  66-1. 
Periodic  inspections  were  a big  headache.  The  shop  chief  also  said  the 
configuration  of  the  trainers  was  not  close  enough  to  the  configuration 
of  the  aircraft  they  were  simulating.  Tliere  was  under  construction  at  Reese 
a complex  to  liouse  several  sophisticated  flight  simulator  cockpits  which 
will  be  "flown"  with  the  help  of  a large  terrain  board  similar  to  the  one 
at  AF  Flight  Dynamics  Laboratory.  The  cockpits  will  have  motion  simulation 
along  with  the  visual  simulation.  This  is  the  first  evidence  we  have  seen 
of  the  AF  emphasis  on  flight  simulators  to  substitute  for  aircraft  flying 
hours.  It  looks  like  an  expensive  investment. 

17.  Observations . For  trainers  such  as  the  ones  for  the  1-37  and  T-38 
which  are  produced  in  relatively  high  quantities  and  which  have  a large 
number  of  repetitive  boxes  the  standard  module  approach  looks  like  a natural. 

We  feel  face-to-face  debriefing  would  cut  dovm  on  the  number  of  maintenance 
actions  required.  Unfortunately  we  have  no  suggestion  for  implementing  this 
procedure  which  would  not  strain  the  existing  manning. 


B.  AGMC  and  Warner  Kohins  ALC. 

^ ^ it  les . Aerosoace  (lui  dance  and  Merrniooy  Center  f ACMCl 
is  the  depot  for  AF  inertial  guidance  systems  and  precision  measuring 
equipment  (PMK).  Warner  Robins  Air  Logistics  Center  (ALC)  is  the  depot  f(ir 
AF  avionics.  It  is  probable  tliese  two  places  will  become  the  depot  operations 
for  their  respective  areas  DOD-wide  within  a few  years.  Already  each 
handles  et|uipment  from  the  other  services.  It  would  be  a mistake,  however, 
to  conclude  that  all  avionics  dejiot  work  is  the  resiions  ibi  1 i t y of  Warner- 
Kobins  ALC.  In  actuality  various  pieces  of  avionics  depot  work  are  ongoing 
at  the  other  ALCs.  There  is  even  a contractor-run  mini  depot  for  the  F- 1 1 1 
at  Cannon  AFB.  We  found  no  particular  reason  for  this  situation.  The 
preponderance  of  avionics  depot  work,  however,  is  accomp 1 i slied  at  Warner 
Robins  ALC. 
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2.  ('.apahi  1 i t it-s . Both  ilopots  havo  t'xlonsivc  tacilitics  and  people  to 
aecrmplinh  their  respective  tasks. 

a.  At  Al'CMC  t liere  are  liighlv  automated  test  stations  for  testing 
iiurtial  measurement  units.  Most  ('f  tlu'  facilities  relate  to  the  raeclianical 
con.ponents.  'I'here  is  one  major  shop,  however,  who.se  sole  function  is  to 
eiieek  and  correct  the  associated  electronics  boards.  I-'.quipmcnt  is  available 
lor  combined  environment.il  (temperature  and  humidity)  and  electrical  tests 
on  these  boards.  The  electronics  testers  are  computer  controlled  and  much 
more  flexible  than  those  associated  with  the  f-lll  and  F-15  intermediate 

m. iintenance  operations.  I’C  hoard  conformal  coatings  can  be  stripped  and 
reapplied.  Components  can  he  replaced  down  to  the  bit  and  piece  level. 

b.  The  Airborne  Mlectronics  Division  of  Warner  Robins  ALC  performs 
the  depot  ma inten.ince  of  avionics.  This  division  has  many  sections  which 
arc  lunctionally  oriented,  e.g.,  electronic  warfare,  weapons  control,  and 
radar  navigation.  Some  of  the  electronics  can  be  tested  on  "univers.al 
testers"  which  are  computer  controlled  test  stations  which  can  be  reconfigured 
by  software  and  hardware  to  test  a wide  variety  of  LRUs.  Other  test  stations 
are  s])ecific  automatic  test  stations,  while  still  others  .amount  to  hot  mock-ups 
or  general  purpose  test  instrumentation  sucli  as  signal  generators,  multimeters 
and  oscilloscopes.  Here,  too,  conformal  coatings  can  be  stripped  and 
reapplied  and  replacement  of  components  can  occur  at  the  hit  and  piece  level. 

In  .1  few  cases  thermal  and  humiditv  environments  can  be  simulated  while 
electrical  testing  is  in  progress.  'The  dominant  form  of  testing,  however, 

is  in  a bench  environment  with  cooling  air  attached  when  called  for  in  the 
aircraft  inst.allat  ion. 

J.  Work  Flows.  There  is  no  one  work  flow  which  is  followed  in  all 
instances,  but  let  us  follow  a "typical"  I.RL'  through  the  depot  and  point 
out  some  of  the  possible  branch  points  along  the  way.  The  LRU  arrives, 
is  unpacked  and  is  binned  awaiting  testing.  Next,  the  I.RU  might  be  tested 
on  an  automatic  or  manual  tester  for  fault  Isolation  to  specific  sub- 
assemblies, e.g.,  printed  circuit  board,  with  the  LRU.  In  the  case  of  LRUs 
1 rom  such  troublesome  systems  as  the  AI’N-59  this  step  would  be  bypassed 
since  past  experience  has  sliown  that  eacli  of  the  subassemblies  will  need 
work.  If  malfunctions  do  appear  the  subassemblies  requiring  fault  correction 
will  be  removed  and  worked  seiiarately.  In  some  cases  testers  are  available 
to  test  separate  I’L  boards.  In  other  cases  generalized  test  instrumentation 
will  be  used.  Workers  ar(>  highly  specialized  with  one  or  more  workers 
concentrating  on  a particular  sub.assembly  typical.  At  AflMC  technicians 
operating  .lutomatic  testers  for  IIRLs  .ire  rotated  among  test  stations  to 
avoid  boredoHi.  At  Warner  Robins  AI.(i  this  is  rarely  the  case  because  of  tlie 

n. 'iture  of  the  testers  and  the  nature  of  the  subassemblies.  In  the  electronics 
shop  at  ACMC  there  is  less  compar tmenta 1 i za t ion  because  the  IMUs  have 
relatively  less  electronics.  Faulty  components  are  removed  and  replaced 

with  new  com[)onents,  and  a functional  check  of  the  suba.ssembly  is  run.  The 
I.RI'  is  reassembled  and  functionally  checked  m.inually  or  automatically.  It 
is  then  tiinned.  Wlien  a reipiest  is  geni-rateil  for  the  LRU,  it  goes  to  packing 
and  shipping.  Because  obtaining  parts  is  a problem  for  the  depot  ns  well 
as  for  the  bases,  if  several  LRUs  of  the  same  type  are  awaiting  parts  for 
different  suhassr-mb 1 i es, cann i ha  1 i zat  i on  mnv  occur,  i.e.,  missing  subassemblies 
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lor  l.Kl'  "a”  may  be  obtainoci  from  I.Rt's  "H"  and  "C"  in  order  t.  shij)  LRl'  "A" 
to  a baso  which  has  requested  Litis  type  of  IdiU.  In  genera!  t should  not 
be  assumed  that  a particular  subassembly  will  stay  with  a particular  LRl'. 

14.  Data  Flows.  When  an  LRU  arrives  at  the  dei>ot,  it  has  the  AFTD 
Form  3b0  attached  which  was  filled  out  at  the  base  level  shop.  AL.'K  uses 
the  350  and  feeds  data  back  to  the  base  of  origin  on  what  was  fenmd  at  AGMC  . 
At  Wainer  Robins,  however,  the  350's  are  regarded  as  useless  and  no  feedback 
to  the  bases  is  made.  The  reason  for  this  is  that  quite  often  the  bases 

use  the  LRU  case  as  a "suitcase  for  failed  PC  boards."  That  is,  other  LRUs 
at  base  level  which  are  awaiting  parts  are  given  good  PC  boards  or  other  sub- 
assemblies from  the  LRU  being  shipped  to  depot  with  failed  subassemblies 
being  inserted  (or  sometimes  omitted  entirely).  WTien  this  happt'ns  the 
information  on  the  AFTO  Form  350  is  totaJly  useless.  Schedulers  in  each 
section  and  unit  allot  the  work  to  the  technicians  who  document  actions 
taken  on  each  LRU  and  subassembly  on  AFTO  Forms  349.  Parts  consumed  are 
fed  into  the  computer  for  cost  accounting  and  restocking.  Workhours  are 
accounted  for  in  different  ways  for  each  installation  and  will  be  treated 
under  para  15,  Cost  .Accounting.  A detailed  account  of  actions  taken  is  not 
led  into  the  computer,  but  forms  accompany  each  subassembly  as  it  is  checked, 
fixed  and  fed  into  reassembly  into  LRUs.  Unsatisfactory  Reports (URs) 
generated  at  base’  level  which  are  sent  back  in  conjunction  with  inoperable 
equipment  received  at  base  from  de()ot  are  answered  by  message.  Some  people 
we  have  talked  to  at  base  level  feel  that  depot  responses  to  URs  tend  to  be 
perfunctory  and  don't  really  help  correct  sloppy  work.  This  perceived 
attitude  tends  to  discourage  the  paperwork  required  to  document  URs.  Depot 
people,  on  the  other  hand,  maintain  that  URs  are  scrupulously  investigated. 

15.  Cost  Accounting.  Cost  accounting  procedures  are  different  at  AG.MC 
and  Warner  Robins  /M.C.  For  both  costs  incurred  are  charged  to  the  various 
item  ■'‘lanagers  (IMs)  who  are  responsible  for  the  equipment  being  repaired. 

This  charge  is  burdened  with  the  depot  overhead. 

a.  in  the  case  of  Warner  Robins  both  materials  standards  and  labor 
standards  arc  u.sed  to  calculate  the  charges  to  the  IM.  The  materials  standard 
is  found  by  dividing  the  total  parts  cost  during,  say,  the  previous  quarter 

or  year  for  repairing  a given  type  subassembly  by  the  total  number  of  that 
type  subassemblies  repaired  during  the  same  previous  period.  This  represents 
the  average  cost  of  materials  per  stibassembl v . The  labor  standard  is 
computed  in  similar  fashion  by  dividing  the  total  direct  labor  cost  for  a 
previfxis  period  by  the  number  of  subassemblies  repaired  during  that  period. 
These  costs  are  then  burdened  with  the  various  overheads,  combined,  burdened 
with  management  overhead,  and  charged  to  the  IM. 

b.  In  tlu.’  case  of  AGMC  a different  system  is  in  use  and  the  bugs 
are  currently  being  worked  out.  Under  this  system  actual  labor  costs  ate 
charged  rather  than  using  labor  standards.  An  employee  clocks  in  bv 
inserting  his  badge  and  a job  oriler  card  into  a one-way  computer  terminal. 

The  computer  then  assumes  he  is  working  am  the  unit  or  units  listed  on  the 
job  order  card  until  he  clocks  in  again  with  anatther  job  order  card  or  until 
the  shift  ends,  whichever  is  first.  if  ma>re  tlian  one  unit  is  covered  bv  the 
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job  order  card  (an  lB^’-type  punclicd  card)  bis  timo  is  prorated  among  the 
units.  i'he  computer,  vliicli  has  stored  in  it  his  wage  rate,  can  compute  tiie 
direct  labor  cost  on  the  units  processed  by  any  technician.  I believe 
materials  standards  are  still  being  used  at  this  point.  The  direct  lab(r 
charges  are  burdened  with  the  various  types  of  overhead  and  charged  to  the 
IM.  This  cost  accounting  procedure  is  a proving  ground  for  the  AFLC.  By 
Don  directive  the  services  will  go  to  an  actual  cost  system  for  depot  m.ain- 
tenance  within  the  next  few  years.  Tt  remains  to  be  seen  whether  this  close 
accounting  of  costs  will  result  in  savings  or  in  extra  expense's  for  the 
cost  accounting  system. 

lb.  I’lanning  for  New  Kquipment  Maintenance.  UTien  a new  avionic  sub- 
system is  acquired,  depot  maintenance  is  planned  roughly  as  follows:  The 
planner  first  analyzes  the  AOE  requirements.  He  takes  into  account  the 
prime  contractor's  data  and  recommendations  and  previous  experience  on 
similar  subsystems.  Working  with  projected  failure  rate  data  and  past 
experience  witli  similar  systems  the  planner  estimates  workloads  and  manning 
required.  In  conjunction  v?ith  people  from  engineering  floorspace,  power 
and  other  facility  requirements  are  calculated.  The  entire  analysis  goes 
forward  to  Hq  .M’LC  for  blessing.  As  far  as  we  could  determine,  no  computer 
aids  were  used  in  this  process.  All  calculations  were  performed  by  hand. 

Once  blessed  the  "prototyping"  phase  begins.  In  this  phase  the  various 
procedures  to  be  used  at  the  depot  for  fixing  the  subsystem  are  test  run. 

Labor  standards  are  estimated  from  the  data  collected  and  previous  experience. 
Finally,  the  full  process  becomes  operational.  Another  duty  of  the  planners 
is  validation  of  material  costs  wlilch  leads  to  an  update  of  the  materials 
standards.  Data  from  which  to  develop  trends  in  parts  consumption  is 
available,  but  no  use  seems  to  be  made  of  this  data  for  triggering  failure 
analysis  on  parts  with  rising  consumption  trends. 

17.  ijual Ity  Control . Inspection  of  finished  work  is  on  a sampling 
basis  with  the  exce[>tion  of  UR  exhibits.  Both  AGMC  and  Warner  Robins 
claini  the  expense  of  1007  inspection  is  prohibitive.  There  were  90  people 
in  the  (Hiality  Branch  and  about  2450  in  the  Production  Branch  at  Warner 
Robins.  There  have  been  reports  at  a couple  of  the  bases  we  visited 
complaining  about  lack  of  quality  control  in  the  depot  products.  Obviously 
the  90  people  will  be  hard  pressed  to  keep  up  w'itli  the  over  2000  production 
peop 1 e . 

IH.  T raining.  The  civilian  electronics  technicians  at  Warner  Robins 
go  tlirough  a training  program  wliich  stretches  over  two  years  at  on  the  order 
of  t ive  hours  per  week.  Subjects  covered  are  tailored  to  the  area  of 
specialization.  Both  classroom  and  on  tlie  job  instruction  is  given. 

19.  Problem  Systems.  It  was  agreed  that  the  APN'-59  Raiiar  anil  the  APQ-120 
Radar  (the  Weapons  tiontrol  System  on  the  F-4F.)  were  two  of  the  biggest 
problem  systems  at  Warner  Robins.  Because  of  the  AFAI  interest  in  the  APN-59 
and  tlie  importance  of  the  AI’i'-120  and  the  problems  discovered  by  us  at 
Homestead,  wi'  examined  the  depot  maintenance  of  these  two  radars  in  some 
detail.  The  Al‘O-120  was  one  of  the  first  solid  state  radar  systems  built. 

T'he  computer  is  the  sore  spot  in  terms  of  failures.  .Some  of  the  other 
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[)roblem  areas  are  magnetron  pulling  rrequency ; Sf:i:  lai  lures  in  l.Pr-5;  high 
fail  servo  platfoi'm  in  LRl'-l,  and  poor  case,  connector,  jackscrew  design.  U'e 
were  shown  exami'les  of  field  mistreatment  of  equipment  including  PC  boards 
which  liad  obviously  been  hammered  into  place  and  an  LHC  rase  which  bore  the 
imprint  of  a ball  peon  hammer.  PC  board  designs  had  not  been  outstanding 
in  all  cases.  There  are  several  instances  of  power  resistors  mounted  on 
the  boards  with  no  standoffs.  Some  severe  charring  and  vaporization  of 
metal  runs  ii.ve  occurred . F.xtensive  board  refurbishing  is  accomplished  at 
Warner  Robins.  Additionally,  the  cooling  design  is  not  up  to  current  stand- 
ards since  in  some  cases  air  is  blown  directly  over  the  component;;.  The 

test  equipment  furnished  the  depot  is  quite  old  now  in  comparison  to  the 

test  equipment  furnistied  the  Military  Assistance  Program  countries.  The 

depot  is  considering  modifying  their  test  equipment  to  bring  it  up  to  the 
recent  configuration.  Problems  have  occurred  in  trying  to  put  APh'-12C 
LKL's  on  the  General  Purpose  Analysis  and  Test  System  (GPATS)  which  is  a 
computer  controlled  tester.  The  LRUs  were  not  designed  with  testability  in 
mind  and  need  to  have  more  test  points  and  parallel  paths  for  efficient 
fault  isolation.  For  example,  LRL'-l  test  time  is  19  hours ! Kestinghouse 
is  working  on  the  software-hardware  problem  and  thinks  the  test  time  can 
be  cut  to  b-7  hours.  An  IFF  capability  is  being  added  now  by  a traveling 
team  from  the  depot.  Under  development  are  an  air  combat  computer  mod  and 
a digital  automatic  acquisition  mod.  Technical  data  has  been  a problem  with 
a definite  mismatch  between  the  field  and  the  depot.  Some  checks  were 
possible  in  the  field  and  weren't  possible-  at  depot.  LRUs  are  being  manually 
tracked  by  serial  num.ber,  and  so  far  it  does  not  appear  that  a few  "bad 
actors"  within  each  LRU  type  are  causing  the  problems.  Mr.  St.  .John  and 
Mr.  Lamb  have  detailed  information  concerning  APN-59  problems. 

20.  Other  Problem  Areas. 

a.  Software.  On  the  order  of  40  people  are  working  on  automatic 
test  station  software.  We  gatliered  this  was  partly  due  to  software  bugs 
and  partly  due  to  efforts  to  improve  tester  efficiency  or  effectiveness. 

b.  The  ARG-133  and  ARC-90  UHR  Radios.  These  sets  are  scheduled 

to  be  replaced  by  the  ARC-164.  The  depot  experience  tallies  with  experience 
at  the  bases  in  that  all  agree  the  sets  should  be  replaced. 

c.  ADI/llSI.  There  is  an  opportunity  to  replace  the  electromechanical 
Altitude  Direction  Indicator/llorizontal  Situation  Indicator  with  an  all 
electronic  unit.  We  will  have  to  ciieck  with  DAIS  to  sec  if  this  i.<^  being 
done.  In  general  it  was  felt  that  the  more  mechanical  assemblies  which  could 
be  eliminated  in  favor  of  electronic  assemblies  the  better  off  tlie  Air  Force 
would  be. 


d.  TW'ls.  Ifaveling  wave  tubes  are  a high  fail  item  across  a 
number  of  systems. 

e.  Connectors  and  Cabling.  These  are  perennial  problem  areas 
because  cabling  recciv»*s  flexing  each  time  an  LRU  is  attached  or  removed 
and  connectors  receive  both  aircraft  vibration  and  abuse  from  insertii'n 


and  retraction.  Almost  no  I.RLis  examined  had  the  tuning  fork  and  blade 
connector  used  by  NAi'I  . In  those  LHU.s  where  this  connector  was  used 
the  technicians'  opinion  was  that  there  were  few  connector  problems. 

AFtiMC  v^as  particularly  having  problems  with  the  A-7  connectors. 

f.  Parts  Availability.  I'ven  though  mountains  of  data  is  available 
on  parts,  consumption,  it  is  still  a problem  to  obtain  enough  bits  and  pieces 
to  fix  the  systems.  Part  of  the  problem  is  budget,  of  course.  IMs  want 
to  spend  as  little  as  possible  in  a very  lean  Air  Force.  Another  problem 
is  that  many  piece  parts  either  were  nonstandard  from  the  start  or  are  no 
longer  produced  in  volume.  Furthermore,  the  Air  Force  often  does  not 
reprocure  in  sufficient  volume  to  take  advantage  of  economies  of  scale. 

In  some  cases  the  initial  lay-in  of  spares  was  insufficient  even  for  the 
projected  period.  in  other  cases  the  spares  laid  in  are  disposed  of  before 
the  parts  on  the  original  equipment  starts  to  fail.  When  failures  do  start 
the  parts  must  be  reprocured.  Very  little  failure  analysis  is  conducted 
to  determine  whetlier  substitute  parts  are  advisable  or  if  small  modifications 
are  in  order. 

21.  Comments 


a.  Information.  It  seemed  to  us  that  it  was  difficult  for  the 
manager  to  get  the  information  he  needs.  There  is  no  lack  of  information. 
Printouts  abound  but  it  is  necessary  to  pour  over  long  busy  printouts  to 
extract  the  useful  information,  finite  possibly  a data  base  management  system 
such  as  Information  Central's  should  be  considered.  It  also  seemed  that 
more  use  might  be  made  of  data  already  available.  For  instance,  the  data 

on  parts  consumption  which  the  planner  validated  could  be  used  not  only  to 
trigger  adjustments  in  stock  levels  for  the  coming  period  but  also  to 
trigger  failure  analysis. 

b.  Fngineering.  There  were  25  engineers  available  in  the 
Fngineering  Services  Section  at  Warner  Robins.  These  people  were  used  mainly 
to  filan  facilities  modification  to  accommodate  new  equipment  support. 

Almost  nobody  is  present  to  find  out  why  parts  start  failing  or  what  might 
alleviate  the  problems  of  a chronically  poor  I.RF.  Probably  the  budget  and 
the  industrial  funding  structure  doesn't  allow  for  it.  Somebody  should  be 
working  tlie  problem  whether  in  AFLC  or  AFSC. 

c.  Cross-fertilization.  It  struck  us  that  a possible  source  of 
help  for  the  bases  having  problem  systems  such  as  the  APQ-12n  (which  has  an 
experience  gap  at  several  bases)  would  be  some  of  the  civilians  who  work 

on  tlie  system  at  depot.  in  exchange  some  Cls  might  liave  a chance  to  see 
the  maintenance  from  a depot  point  of  view  and  get  some  thorough  insight 
into  important  pieces  of  some  of  their  systems.  The  mcinagement  was  not 
enthusiastic  about  the  idea.  The  opinion  was  that  the  people  in  the  field 
were  more  systems  oriented  and  less  subassembly  oriented  compared  to  depot 
people.  We  still  think  this  may  be  partially  true  but  not  universally  so. 

We  still  think  the  idea  has  merit  ami  should  be  explored  furtber. 
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d.  Itfin  Managers.  We  asked  the  people  at  Warner  Knhins  if  it 
wouldn't  make  sense  to  have  the  Item  Managers  located  at  the  place  where 
depot  maintenance  is  conducted.  They  agreed  it  would  save  time  and  money 
and  ease  communications.  Currently  the  IMs  are  all  over  the  country  and  the 
depot  people  frequently  have  to  talk  with  the  IM  via  telephone.  Since 
reorganizations  are  common  within  Al'LC,  we  think  this  one  might  be  worth 
pursuing. 
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APPKNDJX  E 

STAFF  SUMMARY  SHEET 


Travtlers;  Maj  P.  R.  l>wens,  Mr.  M.  R.  St.  John,  and  Mr.  V.  D.  Lamh 


Dates  and  Places  Visited:  28-29  Apr  76  McClellan  APB,  (^A 

29-30  Apr  76  Travis  APB,  CA 

3-4  May  76  I.uke  APB,  A2  (Owens  onlv). 

Organizations  covered  in  tl;e  interviews: 

Sacramento  ALC  (APLC) , MMEP  and  MMP  - McClellan  APB 
60th  /VMS  (>AC),  I.t  Col  Hollingsworth,  Sq  Cmdr,  Travis  APB 
58, VMS  (TAC),  I.t  Col  .May,  Sq  Cmdr,  I.uke  APB 

/iircraft  Maintained 
P-4C  (I.uke) 

P-15  (I.uke) 

P-111  (McClellan) 

C-5A  (Travis) 

C-141  (Travis) 

D I scussion 

Since  the  depot  operation  is  fundamentally  differemt  from  the  avionics  maintenance 
squadrons'  operation,  each  will  be  discussed  in  a separate  section. 

,\.  Sacramento  ALC.  Avionics  depot  maintenance  is  not  tiie  main  business  of  Sacra- 
mento ,\I.C.  We  concentrated  on  the  limited  depet  oper.ition  fi'r  the  P-111  and  the 
Avio tics  Integrated  Support  Pacillty,  which  is  a full  hot  mockup  of  the  P-11]  avionics 
suites. 


1.  F-111  Maintenance  Concept  and  How  It  Changed.  In  the  beginning  It  w.as  decide! 

there  would  be  no  depot  maintenance  for  the  P-111.  .An  attempt  was  made  to  provide 
enough  test  equipment  at  base  level  to  remove  the  necessity  for  further  work  at  depot. 
No  depot  level  ,\(.K  was  designed.  After  the  Air  Force  started  operating  the  P-1  11  it 
became  apparent  that  the  base  level  test  equipment  operated  bv  enlisted  people  was 
not  sufficient  to  maintain  the  operationally  ready  rate  required.  First,  the  test 
equipment  did  not  sufficiently  fault  i.solate  in  many  cases.  The  levi-1  of  simulation 
was  not  as  good  as  it  was  on  hot  mockups  (which  were  not  available).  ,\dd  it  i ena  1 1 v , 

the  average  experience  level  of  the  enlisted  technicians  remained  relatively  low  hecai^ 
of  turnover.  Partly  related  to  the  maintenance  problems  was  the  software  problem. 

Ihe  operational  flight  programs  (OPPs)  and  the  autom.itic  tester  software  were  both 
In.idequate.  Something  had  to  be  done.  pour  things  were  done:  (1)  ,\  set  of  base 

level  test  equipment  was  Installed  at  Sacr.amento  ALC  ami  manned  with  (low  turnover) 
civilian  technicians.  (2)  Fully  integrated  hot  mockups  and  some  subsystem  hi't 
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mockups  were  instiUled  at  Sacramento  AI-C  and  manned  by  both  civilian  technicians 
and  (Autonet ics)  contractor  personnel.  (3)  A dynamic  avionics  simulator  was 
installed  at  Sacramento  ALC  for  chcckini;,  debugging,  and  mollifying  the  OKI’s.  (4) 

A contractor  run  (Ceneral  Dynamics)  "mini  depot"  was  installed  at  Cannon  AKB, 
the  first  K- 1 1 1 base.  The  "mini  depot"  is  now  in  the  phase  down  process  but  the 
other  operations  are  going  strong. 

2.  Work  flow.  UTien  a LRl'  comes  in  which  can't  be  fixed  at  base  level,  it  goes  first 
to  the  test  stations  (the  duplicates  of  those  used  at  base  level).  In  manv  cases 
the  more  experienced  technicians  can  isolate  the  problem.  'Only  removal  and 
replacement  of  SRL's  are  done.  Work  does  not  proceed  to  the  bit  and  piece  level 
except  for  sui h things  as  cables,  connectors  and  cases.  If  the  fault  cannot  be 

, located  on  the  test  stations,  the  LRl'  is  sent  to  the  Avionics  Integrated  Support 
Facility  (integrated  hot  mockup).  Since  input  signals  are  better  simulated  on  the 
mockup,  intermittent  failures  are  easier  to  locate  even  though  dynamic  flight 
profiles  cannot  be  run.  A refrigerator  is  sometimes  used  to  cold  soak  the  I.Rl’s 
before  running  them.  Ihe  AISF  has  a 9(S%  success  rate  of  Isolating  faults  on  LRl's 
for  which  the  test  stations  could  locate  no  fault.  A set  of  "shop  standards" 

(known  good  boards)  is  maintained  to  assist  in  fault  Isolation.  Again,  corrective 
action  is  limited  to  replacing  defective  SRl's. 

3.  Documentation  Flow.  The  AFTO  Form  350  information  is  used  but  it  often  must 
be  supplemented  by  a phono  call  to  the  base  from  which  the  I.Rf  c.ame.  The  actions 
taken  and  faults  located  at  each  step  are  documented  and  kept  with  tlie  I.RF  as  it 
m.oves  from  place  to  place.  The  information  is  fed  back  to  the  base  which  sent  the 
LRF.  The  information  is  also  sent  to  Analysis. 

4.  Problem  Subsystems.  The  two  main  problems  are  with  the  computers  and  the 
analog  to  digital  converters.  At  least  originally  the  A/I)  converter  solder 
connections  were  a big  problem.  This  has  since  been  alleviated  but  the  converters 
remain  a high  fail  item.  The  navigational  computer  unit  (N(T)  has  a tendency 

to  memory  scramble.  They  are  currently  working  to  find  out  why.  About  ID”  of  the 
NCI’  cases  need  major  rework.  Connectors  arc  also  a problem  with  this  unit  both 
internally  and  externally. 

5.  Other  yiroblems. 

a.  Flexible  printed  cabling  whicti  is  used  extensively  in  the  avionics  is 
failure  prone.  Under  cold  conditions  it  is  often  brittle.  There  are  separation 

F**  problems  between  eyelets  used  to  connect  to  components.  It  is  tiard  to  iurapor 

real iably . 

b.  Technical  data  quality  is  uneven.  Some  TOs  are  well  organized  but  with 
some  subsystems  it  is  necessary  to  refer  to  two  I’r  three  TOs  during  a trouble- 
shooting sequence. 

c.  It  is  not  always  possible  to  tell  whether  a troubleshooting  probleir  lies 
with  the  I.KU  or  the  test  equipment.  The  ATI.  is  failure  prone. 

d.  Parts  problems  are  severe  In  this  (ie|iot  operation.  Because  t'oth  b.o.,-v  ,t, 
the  depot  basically  replace  SRUs  the  b.ises  have  first  call  <'n  I li-  SKUs.  Oil-  i,-.  • 
in  approx  im.ite  1 y fiOT  of  the  I.RI's  .it  depi't  being  in  awaiting  p.irts  --t.it  i».  't.- 
Managers  must  be  cajoled  to  send  SRl's  to  Sacramento.  riiis  Inipivn*'  I 
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depot  operation  is  not  officially  a depot  operation.  It  was  organized  to  work  itself 
out  of  business  by  solving  what  was  thought  to  be  a set  of  growing  pains.  But 
there  is  no  sign  of  the  problem  going  away. 

e.  The  built  in  test  equipment  often  tests  to  tighter  specs  than  the  shop 
testers.  These  areas  are  being  resolved  as  time  goes  on  but  they  still  cause 
probltsns . 

6.  Software  Problems 

a.  Operational  Flight  Programs  (OFPs).  There  are  seven  OFPs  per  aircraft  - 
three  each  for  the  two  general  purpose  computers  and  one  stiared  between  the  two 
computers.  Most  of  the  original  bugs  from  the  1974  baseline  OFP  are  now  fixed. 
Current  efforts  are  devoted  to  (1)  improved  capabilities  which  can  be  aclueved 
through  reprogramming  and  (2)  reprogramming  to  meet  changing  requirements.  With 
the  existing  onboard  equipment  tradeoffs  must  be  made  on  what  the  software  is  to  do 
since  currently  there  are  only  100  spare  words  of  memory  and  the  computer  duty 
cycle  is  about  95T,.  Thus  including  one  capability  means  excluding  some  other 
capability.  The  dynamic  simulators  are  used  to  verify  software.  Eventually  the 
integrated  mockup  may  be  hooked  up  to  the  dynamic  simulator  so  that  flight  profiles 
may  be  simulated  on  the  full  avionics  suite.  Data  for  the  simulator  comes  from 
instrumented  test  aircraft.  The  recorded  signals  can  be  fed  to  the  aircraft 
computer  to  see  if  the  program  under  test  processes  the  data  correctly  and  send  out 
the  proper  response  signals.  They  have  PR/\MP0  money  to  develop  a diagnostic 
program  which  can  be  loaded  on  the  aircraft  computer  on  the  flightline  to  isolate 

a malfunction  to  one  LRU  more  accurately  than  the  BIT  presently  does. 

b.  Automatic  Test  Equipment  (ATE)  Software.  There  are  presently  100  open 
projects  on  software.  The  average  resource  requirement  for  one  change  is  over 
90  workhours  plus  0.2  hour  of  mainframe  computer  time.  It  was  agreed  that 
technicians  would  welcome  more  easily  human  readable  output  from  the  ATE  computer. 

It  was  not  thought  that  an  interactive  system  was  likely  to  ease  maintenance 
problems.  The  average  test  time  per  SRU  now  is  2 hours.  Part  of  the  testing 
problem  deals  with  the  design  of  the  equipment  being  tested.  As  it  Is  now,  one 
test  point  sometimes  monitors  as  many  as  19  components.  I'esign  for  testability  is 
extremely  important.  Another  part  of  the  testing  problem  is  the  lack  of  an 
efficient  automatic  test  pattern  generator  (for  digital  circuitry).  The  F-111 
people  have  three  test  pattern  generators  available  and  none  is  really  satisfactory. 
Some  problems  would  be  eased  if  one  had  a basic  test  system  which  was  used  from 
weapon  system  to  weapon  system.  The  problem  Is  that  the  field  is  not  that  mature 

and  rapid  changes  in  software  techniques  as  well  as  hardware  are  in  progress.  We  arc 
still  in  the  beginnings  of  writing  software  specs.  San  Antonio  ALC  is  evidently 
working  on  software  specs  for  ATE. 

c.  General  Software  I’roblems.  Once  a contractor  has  sold  a software-hardware 
package  he  sometimes  loses  Interest  In  maintaining  the  software.  This  is  analogous 
to  problems  of  obtaining  replacements  for  obsolete  parts.  Right  now  Ceneral  Dynamics 
wants  to  take  people  off  F-111  software  maintenance  and  put  them  on  the  F-16  soft- 
ware generation.  Without  some  organic  capabilities  the  Air  Force  would  be  lost. 

Money  and  people  are  in  short  supply  for  F-111  software  support.  A 50-50  military- 
civilian  mix  is  desirable.  Right  now  the  majority  are  civilians.  It  Is  easier 

to  turn  electronics  engineers  into  useful  programmers  than  to  get  programmers  to 
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turn  out  programs  useful  on  electronic  systems.  This  opinion  was  also  expressed 
in  the  Computer  Aided  Design  study. 
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7.  Comments.  The  present  arrangement  for  the  F-111  at  Sacramento  appears  to  be  a 
lash-up  which  should  be  legitimized.  The  problem  with  SRU  priorities  is  the 
biggest  problem. 

B.  58th  and  60th  AMS  Visits. 

1.  Ages  of  the  Systems.  Oldest  is  the  F-4C  (early  '60s).  Next  comes  the  C-141 
(mid  '60s).  Then  comes  the  C-5A  (late  60s),  and  newest  is  the  F-15  (early 
70s).  Older  electronics  uses  some  tubes  and  many  discretes.  The  latest 
electronics  uses  SSI,  MSI  and  some  LSI. 

2.  Darts  Availability.  Once  again  parts  availability  was  considered  a major  problem. 
The  AFLC  policy  of  requiring  Item  Manager  approval  before  shipping  LRUs  to  depot 

was  not  liked.  Cannabalizat ion  was  frequently  the  only  way  to  meet  flying 
requirements. 

3.  Maintenance  Concepts  F,mployed. 

a.  Number  of  Maintenance  Tiers.  The  AMS  at  Travis  (C-5A  & C-141)  used  the  same 
people  for  flightline  and  shop  work.  The  same  people  worked  on  C-5/teand  C-141s. 

A separate  shop  maintained  the  C-5A  shop  automatic  test  equipment.  It  was 
essentially  a two-tier  structure  (base  and  depot).  The  AMS  at  Luke  was  split  Into 
two  physically  separated  pieces,  the  F-4C  piece  and  the  F-15  piece.  In  each  case 
the  organization  was  further  subdivided  into  flightline  and  shop  branches,  re- 
sult irrf;  in  a three-tier  structure.  There  was  no  transfer  of  people  between  flight- 
line and  shop. 

b.  Tail  Number  Scheduling.  As  at  each  base  we  have  visited,  tail  number 
scheduling  was  used. 

c.  On-base  Repair 

(1)  F-15.  Repair  is  limited  to  removal  and  replacement  of  LRUs  on  the 
fllghtllne  and  removal  and  replacement  of  shop  replaceable  units  (SRUs) , e.g., 

PC  boards  in  the  shop. 

(2)  F-4C,  C-141,  and  C-5A.  In  these  systems  LRUs  are  removed  and  replaced 
on  the  fllghtllne.  Repair  in  the  shop  sometimes  only  proceeds  to  replacement  of 
SRUs,  but  often  goes  to  the  bit  and  piece  replacement  on  the  SRU.  The  level  to 
which  repair  proceeds  is  directed  by  the  Item  Manager. 

d.  Hot  Mockups.  All  F-4C  and  C-141  avionics  and  some  C-5A  avionics  are  bench 
checked  on  hot  mockups.  Simulation  of  electrical  Inputs  to  the  equipment  under 
test  is  thus  complete  except  for  lack  of  simulation  of  transients  induced  by 
aircraft  power  switching  and  signals  which  would  be  modified  by  flight  profiles. 

No  environmental  simulation  is  used. 

e.  Manual  Test  Stations.  The  F-15  uses  three  manual  test  stations  to  handle 
several  of  the  LRUs.  Luke  is  further  along  than  Langley  in  that  all  the  manual 
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test  stations  can  now  test  each  I.RU  for  which  they  were  ciesiRned.  Klectrical 
simulation  of  input  signals  to  the  I.RU  under  test  is  not  as  complete  as  is  the  case 
with  a hot  mockup.  However,  each  section  of  the  I.Rl’  is  systematically  checked 
by  the  test  sequence.  If,  in  sequencing  through  the  test,  tlie  technician  reads  out 
a malfunction  he  must  take  the  corrective  action  indicated  and  start  tlie  sequence 
from  step  one.  In  addition  to  this  disadvantage  intermittent  faults  or  faults 
arising  from  combinations  of  signals  are  less  likely  to  be  detected.  Test  stations 
malfunction  fairly  often,  but  this  appears  to  be  a training  problem, 

f.  Automatic  Test  Stations.  These  test  stations  are  used  on  both  the  T-15 
and  the  C-5A.  Operation  is  similar  to  the  manual  test  stations,  but  sequencing  is 
under  computer  control.  As  reported  at  Dover  ATR  the  test  station  for  the  autopilot 
seems  to  be  well  liked  because  it  is  more  flexible  than  the  other  test  stations 
used  in  both  weapon  systems.  A similar  station  with  different  software  is  planned 
to  replace  the  present  C-5A  Identification  and  Navigation  Fqulpment  test  station. 

The  F-15  automatic  test  stations  at  l.uke  AFIi  can  presently  test  19  of  the  28  I.RI's 
for  which  they  were  designed.  The  LRUs  which  cannot  be  tested  are  handled  on  a 
"work  around"  basis  by  Boeing.  Dissatisfaction  was  particularlv  evident  in  the  ATF 
shop  at  l.uke.  As  at  Langley  the  trained  monkey  approach  to  use  of  technicians 

is  resented.  The  people  felt  that  the  junior  technician  would  adapt  to  the  new  way 
of  doing  things  quicker  than  the  senior  NCOs  who  were  used  to  traditional  trouble- 
shooting techniques  using  the  hot  mockups. 

g.  Built-in  Test  and  Monitoring  Kquipment.  F-15  and  C-5A  equipment  has  been 
discussed  in  a previous  trip  report.  The  C-14I  has  no  on  board  test  and  monitoring 
equipment  other  than  the  instruments  and  flight  recorders.  The  F-4C  has  a scope 
camera  which  produces  data  useful  in  troubleshooting. 

h.  Flightline  ACE.  The  F-4C  has  an  automated  radar  calibration  test  set  which 
is  used  in  a dock.  Approximately  one  aircraft  radar  per  day  can  be  calibrated. 

The  C-5A  uses  some  special  portable  test  sets  and  some  fault  isolation  is  ac- 
complished on  all  aircraft  using  oscilloscopes  and  multimeters.  Aside  from  radar 
calibration  of  the  F-4Cs  and  some  instrument  work  very  little  on  aircraft  avionics 
maintenance  is  performed  beyond  the  removal  and  replansmatt  of  LRUs. 

i.  Avionics  Preflight.  At  Travis  we  4>ncountered  a policy  not  present  elsewhere. 
If  an  aircraft  had  been  on  the  ground  more  than  15  days,  its  avionics  went  through 

a preflight  inspection. 

j.  Debriefing.  At  Travis  crews  were  not  always  debriefed  in  person.  At  Luke 

one  technician  was  present  at  debriefing  for  F-4Cs.  For  F-I5s  at  l.uke  one  avionics 

technician  from  each  of  the  three  fllghtllne  avionics  sections  was  present  at 

debriefing.  Note  that  there  arc  about  70  F-4C  sorties/day  with  about  90  aircraft 
assigned  resulting  in  20-40  aircraft  turning  around  for  a second  sortie  in  a day. 

The  F-15  flying  schedule  is  less  strenuous. 

k.  Production  Oriented  Maintenance  Organization  (POMO).  .See  attached 

slipping.  The  POMO  is  essentially  an  expanded  crew  chief  team.  Evidently  the 
Intent  of  the  experimental  program  is  to  cut  down  on  maintenance  manning.  The 
avionics  people  were  leery  of  the  POMO.  One  senior  NCO  asked,  "What  happens  when 

they  don't  have  the  avionics  aces  around  to  hack  them  up?"  If  enough  aces  are 
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kept  around  to  back  them  up,  however,  the  POMO  might  be  a better  way  to  go. 

Certainly  the  extreme  specialization  does  tend  to  cut  Involvement  and  diffuse 
responsibility  for  getting  aircraft  flyable. 

A.  Depot  Support.  People  at  both  Travis  and  Luke  had  some  criticism  of  depot 
handling  of  URs.  They  said  the  paperwork  required  was  discouraging  when  coupled 
with  what  they  considered  perfunctory  responses.  They  thought  that  material 
failure  and  shipping  damage  was  toc>  often  cited  as  reason  for  failure  by  depots. 

In  their  opinions  LRUs  leaving  the  depot  should  be  100%  checked  to  at  least  the 
level  checkable  in  the  field.  We  received  the  impression  that  some  technicians 
and  supervisors  give  up  on  URs  because  they  feel  it  is  unproductive  effort. 

5.  Manning.  The  Travis  AMS  had  no  apparent  manning  problems  although  apparently 

a downgrading  of  skill  level  requirements  was  in  progress.  As  at  Dover  there  were 
a fair  number  of  civilians  in  the  organization  to  provide  stability.  About  20% 
were  civilians.  There  were  a few  civilians  in  the  F-AC  organization  at  Luke 
but  none  in  the  F-15  organization  (although  tech  reps  were  present).  The  F-15 
organization  is  probably  overmanned  for  the  current  schedule,  but  will  be  at  about 
the  right  strength  when  the  full  number  of  aircraft  are  received.  The  F-AC 
organization  is  getting  low  on  senior  NCOs.  There  is  some  evidence  of  a downward 
trend  in  retirement  age  for  senior  people.  In  addition,  the  coming  combination 
of  Instrument  and  Autopilot  shops  In  the  F-AC  is  resulting  in  a 50%  manning  cut 
in  October,  but  cross-training  will  not  be  complete  by  then. 

6.  Training  and  Personnel  Quality.  Opinions  were  universal  on  this  trip  that  the 
first  termers  arriving  are  .smarter  and  have  better  attitudes  than  recruits  from  the 
Vietnam  era.  There  was  a complaint  about  tech  school  preparation  of  recruits  from 
one  or  two  supervisors  but  generally  no  major  problems.  As  has  been  the  case  in  all 
the  bases  visited,  supervisors  were  happy  with  the  Field  Training  Detachments' 
work.  The  F-AC  organization  was  trying  out  a set  of  slide  and  cassette  training 
aids  and  were  happy  with  them.  There  were  several  cross  trainees  Into  F-15  avionics 
maintenance  from  other  career  fields.  The  supervisor  thought  they  were  working 

out  well.  He  thought  that  people  from  ground  electronics  career  fields  were 
quicker  to  learn  than  those  from  non-electronic  career  fields.  At  present  the  F-15 
career  development  courses  taken  by  technicians  to  upgrade  their  skill  levels  are 
still  mostly  based  on  the  F-111,  C-5A  and  A-7  test  stations  rather  than  on  the 
F-15  stations.  This  causes  quite  a bit  of  unhappiness. 

7.  Environmental  Effects.  At  Luke  the  malfunction  rate  shoots  up  during  the 
sumner  especially  on  the  Weapons  Control  System  (WCS).  The  cooling  air  is  not 
really  adequate  on  the  ground  and,  if  a pilot  fires  up  the  radar  to  check  it 
out  before  takeoff,  it  is  likely  to  malfunction  because  of  overheating.  The  WCS 
also  tends  to  malfunction  during  cold  periods  at  Luke.  The  F-15  antennas  and 
UHF  tend  to  fall  in  hot  weather. 

8.  Maintenance  Documentation.  The  people  at  Travis  did  not  seem  as  enthusiastic 
about  the  automated  data  system  as  people  in  their  sister  wing  at  Dover.  This  may 
be  due  to  not  having  a terminal  in  the  shop  area  and  not  having  a close  working 
relationship  with  the  computer  people  who  process  the  data.  At  Luke  MMICS  is  in 
Phase  II  and  the  paperwork  flow  has  become  a problem.  Each  AFTO  Form  3A9  must  be 
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closed  out  at  midnight  wliether  the  corrective  action  is  complete  or  not.  If  the 
corrective  action  is  not  complete  a new  3A9  must  be  generated.  This  makes  it  hard 
to  track  progress  of  a LRU  and  leaves  the  possibility  open  to  errors  of  both 
omission  and  commission. 

9.  Inspections.  The  opinion  of  one  NCO  at  Luke  was  that  local  Maintenance 
Standardization  Evaluation  Program  teams  were  OK  but  the  higher  headquarters  teams 
were  a waste.  Another  problem  was  getting  resolution  of  different  interpretations 
of  the  same  directive  by  different  inspectors. 

10.  Problem  Systems. 

a.  E-AC.  The  major  problem  system  on  the  F-AC  is  the  Weapons  Control  System 
(WCS),  although  the  C model  does  not  use  the  APQ-120  radar  in  the  WCS.  The 
cannot  duplicate  (CND)  rate  is  about  AOZ  for  the  WCS.  The  overheating  problem  has 
been  mentioned  above.  Wiring  harnesses  are  high  fail  items.  The  calibration  problem 
is  eased  at  Luke  because  of  an  excellent  team  chief  for  the  calibration  dock. 

The  TACAN  set  and  its  test  set  were  also  high  fail  items.  Fifty  percent  of  the 
inertial  navigation  assets  were  in  awaiting  parts  status. 

b.  F-15.  The  highest  failure  rates  occurred  on  the  inertial  measurement 
unit,  the  radar  data  processor,  the  radar  receiver  and  the  digital  computer.  Some 
of  the  highest  failure  rate  LRUs  cannot  presently  be  tested  on  the  ATE.  The  testers 
themselves  are  also  high  fall  items.  The  technical  data  does  not  give  adequate 
notes  on  checking  for  tester  malfunction  when  a fault  is  apparently  located.  The 
software  for  checking  out  the  automated  testers  is  far  from  perfect.  About 

the  time  the  bugs  for  a given  test  tape  are  documented  in  a Procedural  Change  Request 
(similar  to  an  AFTO  Form  22)  a new  tape  comes  in  with  the  same  mistakes. 

c.  C-5A.  The  MADAR  (on-board  systems  test  and  monitoring  system)  is  the 
biggest  problem  at  Travis  as  it  was  at  Dover.  There  are  problems  with  the  multi- 
mode  radar  antenna.  The  CDIPR,  a station  keeping  Ku-band  doppler  unit,  is  located 
near  the  Ku-band  multimode  radar  antenna  which  is  trying  to  radiate  through  an 
X-band  radome.  Consequently  the  CDIPR  is  a high  fall  Item. 

d.  C-lAl.  There  seem  to  be  no  major  problems  with  the  lAl.  This  may  be 
by  contrast  with  the  C-5A,  however. 

e.  Connectors  and  Cabling.  Throughout  the  systems  connectors  and  cabling 
have  been  sore  spots.  This  was  also  true  at  Travis  and  Luke. 

11.  Technical  Data.  In  general  tech  data  is  a problem  area  at  Luke  and  Travis. 

Particularly  bad  so  far  are  the  Technical  Orders  (TOs)  for  the  F-15  which  do  not 

have  schematics  for  the  electronics.  Some  logic  trees  are  starting  to  appear  in 

the  TO  changes  for  the  F-15,  so  things  are  improving  a bit.  The  test  equipment  is 
supposed  tr  catch  95%  of  all  problems  (although  opinon  has  it  that  50%  is  closer 

to  the  truth).  In  any  case  the  possible  failures  not  checked  by  the  test  equipment 
are  not  covered  adequately  by  the  TOs.  Since  there  Is  precious  little  experience 
base  with  the  F-15,  this  gap  is  a real  problem. 

12.  F-15  test  Equipment  vs  Hot  Mockup.  The  people  at  Luke  said  there  is  a full 

hot  mockup  of  the  F-15  at  Edwards  AFB.  Figures  they  have  show  the  following 
CND  rates: 
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~10%  for  manual  test  stations  (Luke) 

10%-20%  for  automatic  test  stations  (Luke) 

~40%  for  the  hot  mockup  (Edwards). 

Of  course  the  automatic  test  stations  cannot  presently  handle  some  of  the  highest 
failure  rate  LRUs.  It  seems  likely  that  the  hot  mockup  will  eventually  reside 
in  a depot  in  an  operation  similar  to  the  F-111  hot  mockup. 

13.  Troubleshooting  Around  LRUs  and  SRUs  Available.  For  the  F-15  there  is  a 
tendency  to  try  replacement  of  an  LRU  or  SRU  on  hand  even  if  this  replacement  is 
not  indicated,  but  the  one  on  hand  could  conceivably  be  causing  the  problem. 

This  arises  out  of:  (1)  a desire  to  fix  the  aircraft.  (2)  a shortage  of  LRUs 

and  SRUs,  and  (3)  present  inadequacy  of  the  test,  stations.  This  causes  a skew  of 
maintenance  data  since  recorded  actions  taken  could  indicate  a unit  was  failing  when, 
in  fact,  no  such  indication  is  available. 


Comments.  It  was  again  apparent  that  the  automatic  test  system-technician  problem 
must  be  attacked.  Apparently  the  assumption  was  made  that  the  all  volunteer  force 
would  attract  people  of  lower  abilities  than  the  force  in  being  during  the  Vietnam 
era.  The  attempt  was  made  to  design  test  equipment  which  could  be  operated  by  some- 
one who  could  do  little  more  than  read  and  understand  a checklist.  This  assumption 
seriously  underestimated  the  quality  of  recruits  appearing  in  tlie  force  and 
placed  a great  burden  on  the  programmers  who  wrote  the  software  for  the  test 
equipment.  The  opinion  of  the  vast  majority  of  supervisors  interviewed  is  that  the 
new  technicians  in  the  force  are  at  least  as  smart  as  those  of  previous  years. 

They  are  frustrated  at  being  assigned  to  the  USAF's  newest  first  line  fighter  and 
used  as  trained  monkeys.  The  programmer  must  write  software  which  catches  95% 
of  the  failures  in  a system.  When  engineering  changes,  insufficient  emphasis  on 
design  for  testability,  and  the  inevitable  software  bugs  are  factored  in  it  is 
no  wonder  that  the  system  does  not  operate  as  it  was  Intended  to.  More  interaction 
between  man  and  machine  is  necessary.  The  automatic  tester  for  the  C-5A  autopilot 
is  an  excellent  example  of  what  can  be  done.  Tliat  MAC  is  using  the  same  approach  to 
replace  the  IDNE  tester  is  support  for  this  point  of  view.  On  the  brighter  side, 
people  are  far  happier  with  the  F-15  than  they  are  with  the  F-A.  It  appears  we 
are  making  progress. 

The  article  below  appeared  in  TALLYHO  (LAFB  Base  Newspaper),  dated  30  April  1976, 
Vol.  2,  No.  17,  page  3,  and  wa.s  entitled  "Streamlined  Maintenance  Program  Tested 
Here"  by  AlC  Dave  Morrissette: 


Ihere  was  a litrH-  when  'he  crew 
chief  was  ’.he  yeir.cn  ■‘C'.pon.'iihle  for 
Mrliially  al!  the  main'encnce  his 
airplane  needed  All  '.iiat  changed 
wi'h  the  jet  age  as  systems  and  air- 
craft became  so  complex  that 
maintt  iiarK-e  [lersonnel  .specialired 
into  distinct  niantenance  cateer 
field;, 

lint  there  might  be  a day  when  that 
may  change  once  again 

POMO  - the  f’ronuc'.ion  Onented 
Maintenance  Organization  — is  a test 
program  designed  to  streamline 
aircraft  maintenance  by  t,''ain!ng 
ci-ew  chiefs  and  specialists  into  each 
other's  fields 

"We  use  a despecialized  cpncept.” 
says  the  N<"0;c,  SMSgt  7'artin 
Diggs,  "It  stead  of  cailiiig  a spa  lalist 


tclianille  a job.  we  use  one  of  our  own 
mi-n  wtin  is  fimilur  with  the  system.” 
Fifty  five  pisijile  in  l.l  separate 
AF.bC.s  (.Air  Force  .bp<xh.'’llv  Codes) 
starl-.^  working  wiLh  !■'  IMO  iri  August 
Ilf/5  asing  six  h'  lSs  I’nMO  has  ainee 
expanded  to  eight  aircralt. 

.Vrording  to  .Sergeant  Digg.s,  the 
intent  of  ItiMO  i.s  threefold  First,  to 
provide  a more  vaned  job  en- 
vironment iSeciii'.d.  In  reuurp  waiting 
and  "lag”  time  for  'rev.'  chiefs  and 
speciaiist-s,  and  Ihird,  lo  reduce  the 
overhead  structure  required  to 
manage  aircraft  in  tg/tenance 
.Sergeant  liigg's  said  the  i’OMO 
personnel  were  drawn  fi.atn  the 
munitions,  field  and  orniinizational 
maintenance  squadrons,  avionic.'. 
olw.-tronia.«,  engines,  environmental 


(xiiilrol  systems  (FtC.S)  egress,  fuels, 
liV'lr.Tjlics  and  sheet  inelal.  “We 
sr-nilinize  every  single  item  we  want  a 
guy  trained  in."  he  added  "We  use 
•hem  whore  we  need  'hem,” 

When  It  comes  to  saving  time,  said 
TSgt  John  Down.',  a POMO  .super- 
■,tsor,  "We  just  kill  'em  When  v.e  had 
a ps'oblom  with  one  of  the-  ogress 
systems  one  day,"  said  Sorge.nnt 
Downs,  "our  egress  man  happened  tr 
lie  working  as  a crew  chief,  so  he  fixed 
it  on  the  snot.” 

"The  liest  thing  about  PDMO  is  that 
we'^e  working  as  a team,”  said  Sgt 
Jim  Owens,  one  oi  FOMO's  sheet 
metal  sperialists.  "Most  cf  us  feel  a 
lot  more  involved  with  the  over  .ill 
ope.-alion  than  we  did  before  we  oci no 
here  ” 
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APPENDIX  F 

AVIONICS  MAINTliNANCl;  STUDY 


1.  Traveler:  1- rank  1 in  D.  I.anib 

2.  Subject:  Report  on  visit  to  the  Naval  Air  Station,  North  Island, 

San  lUego,  CA 

S.  Organizations/Support:  AMID  shore-based  intermediate  shop  - Maintained 

avionics  on  the  S-2  and  S-3  aircraft  system  along  with  various  ASW 
he  1 iocopters . 

VS-2I  flight  line  shop  - supports  10  S-3  aircraft 

VS-41  flight  line  shop  - supports  31  S-3  trainer  aircraft  systems 

/\MID  ship-board  intermediate  shop  fll.S.S.  Constellation)  - supports  a 
total  of  70  aircraft  systems  of  various  nomenclature. 

4.  '.\iirk  Flow/Documentation:  Both  the  base  and  the  IJSS  Constellation 

operated  using  a two  tier  maintenance  structure,  that  is,  the  flight 
line  shops,  and  the  intermediate  shops  were  physically  separated  and 
controlled  by  different  shop  supervisors,  llie  shops  were  further  broken 
down  into  separate  groups  each  assigned  to  a specific  responsibility 
for  avionics  maintenance. 

After  an  aircraft  has  been  recovered,  the  flig}it  crew  is  debriefed  by 
the  flight  line  technicians  and  the  maintenance  data  forms  initiated 
(the  maintenani.e  data  form  is  called  VIDS/MAF,  a sample  copy  is 
attached).  Wlien  the  problem  with  the  failed  equipment  has  been  found 
and  repaired  the  VIDS/MAF  form  is  completed  by  the  technician  and 
reviewed  by  the  shop  supervisor  then  routed  to  a computer  center.  At 
the  same  time,  a new  VIDS/MAF  form  is  initiated  and  sent  along  with  the 
failed  LRU  to  Production  Control  at  the  intermediate  shop.  Production 
control  screens  the  LRUs  to  determine  which  group  within  the  intermediate 
shop  has  the  capability  to  repair  the  unit.  When  the  responsible  shop 
is  determined,  a copy  of  the  VIDS/MXF  is  pulled  and  jilaced  on  the 
production  control  required  work  board  and  a copy  sent  to  the  computer 
center.  The  LRU  is  delivered  to  the  awaiting  work  bins  assigned  to  the 
designated  shop  where  the  supervisor  pulls  another  copy  of  the  VIDS/MAF 
and  places  it  in  his  production  required  board.  Wlien  a technician  becomes 
available  he  will  pull  the  VIDS/MAF  copy  and  pick  up  the  unit.  Wien  the 
LRU  is  repaired,  a new  VIDS/MAF  form  will  be  completed,  reviewed  by  the 
shop  supervisor,  and  the  V I DS/M;\F/LRU  routed  back  to  production  control. 
The  LRU  is  then  i)laccd  in  the  supply  system,  work  boards  updated,  and 
VIDS/MAF  form  sent  to  the  computer  center.  If  an  LRU  cannot  be  repaired 
due  to  lack  of  parts  again  a VIDS/MAF  form  is  initiated  indicating  the 
required  part  and  both  the  form  and  LRU  routed  to  supply.  At  supply  the 
date  the  part  was  ordered  will  be  placed  on  the  VIDS/MAF  form,  the  LRU 
stored,  and  copies  of  the  VIDS/MAF  sent  to  the  shop,  production  control, 
and  the  computer  center.  Wlien  the  part  is  received,  it  is  recorded  on 
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the  VII)S/My\l-  form  and  l,Rll/])art  routed  hack  to  the  giouj)  for  re[iair. 

The  VinS/NlAl-  is  a relatively  new  form  and  the  shoji  supervisors 
indicated  it  had  increased  their  paperwork  reejui  rements  due  to  the 
necessity  of  transferring  information  from  one  form  to  another; 
however,  they  have  heard  rumors  that  eventually  the  VlDS/MAf  format 
would  become  an  automated  system  with  a terminal  in  each  individual 
shop,  bach  shop  su|)crvisor  gets  a daily  readout  from  the  computer 
center  indicating  the  status  of  their  shops.  Apparently,  the 
daily  readouts  were  usually  late  and  of  little  value;  but  monthly 
readouts  were  useful  in  ]ierformance  of  their  management  function. 

It  should  also  be  noted  that  the  personnel  indicated  the  maintenance 
manhours  filled  out  on  the  forms  were  rough  estimates. 

5.  Manning : Tlie  manning  at  the  base  intermediate  shop  consisted  of  lioth 

permanently  assigned  personnel,  and  technicians  assigned  to  aircraft 
carriers  in  port.  Whenever  a ship  returns  to  port,  no  avionics 
maintenance  is  performed  on  the  ship;  therefore,  both  the  flight  line 
and  intermediate  shops'  personnel  are  temporarily  assigned  to  the  base. 

A small  crew  is  left  on  board  the  ship  to  keep  up  the  test  stations 
and  perform  general  housekeeping.  This  concept  can  be  a problem  in 

a case  such  as  existed  with  the  USS  Constellation.  This  ship  had 
just  returned  from  a two-year  stay  in  the  shipyards,  thus,  personnel 
assigned  to  the  ship  have  been  trained  and  working  at  the  base  shops 
for  a relatively  long  period  of  time.  When  the  USS  Constellation 
goes  to  sea,  the  base  shops  will  lose  the  personnel  assigned  to  the 
ship  and  could  inadvertently  find  themselves  in  a position  where  they 
have  no  one  trained  on  a particular  piece  of  equipment.  To  overcome 
this  problem,  extensive  cross  training  exists  within  the  shops. 

The  base  intermediate  shop  employed  a few  civilians.  Again  the 
supervisor  stated  that  this  provided  stability  to  their  organization. 

All  shops  used  three  shifts  plus  a weekend  shift  of  four  days. 

i 

6.  Parts  Availability:  Parts  availability  had  just  begun  to  be  a problem 

and  was  directly  related  to  lack  of  money.  The  senior  personnel 
indicated  that  this  was  a normal  problem  that  always  occurred  toward 
the  end  of  the  fiscal  year.  The  only  exception  was  the  spare  LRUs/SRUs 
for  the  avionics  suite  on  board  the  S-.A  aircraft.  This  was  a new  weapon 
system  and  minimum  spares  were  procured  causing  a high  cannabali zation 
rate,  and,  in  fact,  two  aircraft  were  in  the  hanger  fairly  well  stripped 
of  LRUs.  Apparently  the  Navy  is  gathering  field  reliability  data  to 
determine  the  required  spare  level  to  support  the  systems  prior  to 
commitment  of  a large  amount  of  funds. 

7.  Intermediate  Shops: 

a.  Special  soldering  facility:  This  shop  was  manned  by  technicians 

trained  both  in  electronics  and  soldering  techniques.  Some  shops  also 
had  personnel  trained  on  soldering  techniques,  thus,  when  bad  components 
were  found,  the  shop  supervisor  would  determine  if  the  components  could 
be  replaced  by  his  personnel.  He  usually  based  his  decision  upon  the 
component  density  and  mounting  technique  used  on  the  SRU.  However,  all 
the  shops  indicated  that  made  extensive  use  of  the  equi pment/expert i sc 
that  existed  within  the  special  soldering  facility. 
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h.  VAST;  live  VAST  (Versatile  Avionics  System  Test)  were  located 
at  the  base  and  S-1/2  systems  had  just  been  installed  on  the  U.S.S. 
l^onste 1 lat ion : The  VAST  concept  has  existed  within  the  Navy  for 

a|iproximately  15  years  and  the  systems  installed  on  the  U.S.S. 
Constellation  represent  the  second  generation.  A VAST  system  consists 
of  several  LRU  referred  to  as  building  blocks  and  functions  to  dynamically 
test/t roub leshoot  a LRU  by  simulating  interface  signals.  The  shipboard 
VASr  systems  arc  capable  of  testing  1.50  LRUs  and  usually  isolated  the 
problem  down  to  three  or  loss  SRUs.  It  also  had  the  capability  of 
troubleshooting  10.5  SRUs  again  isolating  the  problem  down  to  a group  of 
three  components  or  less.  The  VAST  concept  differs  from  the  Air  Forces 
automated  test  stations  in  various  ways.  First  the  VAST  station  is  used 
for  a fairly  wide  range  of  new  and  old  systems  as  well  as  tactical  and 
ASW  systems.  However,  the  VAST  personnel  stated  that  performance  is 
better  on  the  newer  system  where  the  VAST  concept  was  incorporated  into 
the  system  design.  Probably  the  unique  difference  was  that  within  the 
VAST  shop  there  were  three  levels  of  maintenance  technicians.  (1)  A 
computer  operator  who  could  interface  the  I-RU  to  the  VAST  system  and 
troubleshoot  in  the  automatic  mode  only,  (2)  A limited  maintenance 
operator  who  could  use  the  VAST  system  in  a manual  mode,  reprogram  to 
a certain  extent,  and  perform  limited  manual  maintenance  (use  scope, 
meters,  etc.)  to  isolate  a problem,  and  (3)  A maintenance  technician 
responsible  for  upkeep  of  the  test  station.  It  was  estimated  that  60« 
of  the  time,  VAST,  in  the  automatic  mode,  would  fund  the  problem  in  a 
LRU/SRII.  The  VAST  shop  used  the  special  soldering  facility  for  all 
component  replacements. 

The  biggest  problem  with  VAST  appeared  to  be  the  time  required  to  test 
an  LRU.  Base  shop  personnel  indicated  that  it  took  on  the  average  5.6 
hours  to  tcst/troubleshoot  one  LRU.  The  majority  of  this  time  was 
consumed  in  setting  up  the  interface  and  loading  the  necessary  programs. 

A more  efficient  test  station  design  would  allow  for  interfacing  more 
than  one  LRU  and  time  sharing  the  computer.  It  should  be  noted  that 
there  was  one  other  automated  test  station  installed  on  the  U.S.S. 
Constellation.  ITiis  station  was  specifically  designed  for  the  APS-120 
radar  system  and  isolated  problems  both  in  the  LRUs  and  SRUs.  Again 
the  technicians  were  not  limited  to  using  the  test  station  in  the  auto- 
matic mode.  Apparently,  there  is  a continuing  development  effort 
within  the  Navy  on  the  VAST  concept  and  they  are  also  investigating 
methods  to  shorten  the  LRU/SRU  test  times  associated  with  the  present 
systems . 


c.  Comm-Nav  Aids:  This  shop  used  hot  mock-up  for  troubleshooting 

and  repaired  all  systems,  except  one  still  under  Vendor  contract,  down 
to  the  component  level.  Very  little  higher  level  support  was  required 
and  usually  consisted  of  chassis  repair,  'nae  shop  was  having  the  same 
problem  with  the  TACAN  test  set  as  existed  on  the  Air  Force  bases.  In 
addition,  the  IFF  power  supply  (xmtr)  was  a headache  to  troubleshoot. 
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Hiis  power  siip]-)ly  consistoil  of  several  stackcJ  SUIIs  moiintci.1  in  a 
small  volume  such  that  it  was  impossible  to  use  scopes/meter  For 
troubleshooting.  To  find  the  fault  recpiired  disassembly  of  the  power 
supply,  Rf',R  of  the  suspected  SRI),  reassembly  and  then  conducting  the 
system  tests.  Most  likely  this  problem  was  not  noted  at  the  Air 
I-orce  bases  since  tlie  power  su]iply  itself  could  be  considered  as  a 
SRI).  This  was  not  a high  fail  item  and  the  III-  system  lioth  in  the 
Navy  and  Air  I'orce  aiipear'  to  he  highly  reliable. 

d.  Radar:  Tlii  s shop  had  a cross-section  of  age.  All  the 

older  systems  used  hot  mockups  for  troubleshooting.  Manual  test 
stations  existed  for  the  APS- 116  and  the  I'l.lR  aboard  the  S-.S  aircraft. 
Both  of  these  systems  were  also  su[)[)orted  by  the  VAST  shop,  however, 
as  of  yet  the  software  problems  have  not  been  solved.  Their  biggest 
problem  was  that  the  tech  orders  had  not  been  published  and  they  were 
using  preliminary  manuals  wliich  were  not  complete  or  corrected.  Prom 
the  limited  data,  it  appears  that  the  scan  converter  for  the  APS-lKi 
will  be  one  of  the  high  fail  items. 

e.  Instrument  Shop:  The  instrument  sho]i  had  very  few  complaints 

Phis  shop  differs  from  the  Air  I'orce  in  that  it  is  manned  by  P.  1 ect r i c i ans 
instead  of  P, lectronic  Technicians. 

S>.  Plight  Line  Shops  VS- 21  fi  VS -41:  Both  of  these  shops  supported  S-3 
aircraft  with  the  biggest  problem  being  lack  of  s])ares  causing  a large 
amount  of  cannaba  1 i zat  i on  (refer  to  item  6).  T'he  S-.3  has  an  on  board 
computer  that  performs,  among  other  functions,  an  in-flight  BI'P. 
further,  both  maintenance  and  operational  tapes  exist  for  use  by  the 
flight  line  technicians.  The  VS-41  shop  indicated  that  they  had  little 
use  for  the  maintenance  tapes  and  have  found  the  operational  tapes 
to  be  more  effective.  Also,  the  S-.3  system  had  an  in-flight  recorder 
that  would  record  when  a I.RU  failed  and  other  pertinent  data  associated 
with  the  aircraft.  It  did  not  monitor  the  status  of  aircraft  power  when 
the  failure  occurred.  Again,  the  flight  line  technicians  found  this  to 
be  of  little  value.  It  appeared  both  flight  line  shops  still  depended 
upon  experience  for  fault  isolation. 

10.  S- .3  Access i b i 1 i ty : The  PRlls  on  the  .S-.3  are  readily  accessible  with  the 

majority  of  the  units  mounted  in  a pressurized  compartment  behind  the 
aircrew.  All  the  LRUs  were  slide  mounted  with  permanent  connector  on 
the  back  plate.  They  have  experienced  some  wiring  problems  but  only  a 
few  bent  pins.  ’ 

11.  Tail  Number  -Scheduling:  Like  the  Air  force  tail  number  scheduling  was 

employed.  Again,  it  was  felt  that  this  increased  the  cannaba 1 i zat ion 
rate. 


96 


